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THE DOVER MEETING OF THE BRITISH AS- 
SOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE.* 


Ir appears from the accounts im the for- 
eign journals and from communieations 
sent us that the recent meeting of the As- 
sociation maintained the standard set by 
its long history. The address by the Presi- 
dent already published in this Jowmwan, 
was a model of what such an address 
should be, and the addresses of the presi-_ 
dents of the Sections were thoroughly 
scientific and yet, at the same time, imtelli- 
gible to all. We give below some account 
of the more important papers presented be- 
fore the different sections. 

The special event of the meeting was 
the interchange of visits between the mem- 
bers of the British and French Assoeiations. 
About 280 members of the French Asso- 
ciation came over from Bologne on the 
Saturday of the meeting, and were enter- 
tained both socially and by placing on the 
programs several addresses and papers of 
special interest. On the following Wed- 
nesday about 100 members of the French 
Association again crossed the Channel and 
met members of the British Association at 
Canterbury. The visits were returned on 
Thursday by about 250 members of the 
British Association. On these different oc- 


* Based on reports in the London Times and im 
Nature. 
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‘casions there were numerous addresses and 
expressions of good-will. 

There was in all an attendance of 1,403 
at the Dover meeting, but when it is re- 
membered that more than half were asso- 
ciates and new annual members, it will be 
seen that the meeting was no larger than 
those of the American Association, when 
held at places equally accessible to as many 
members. The British Association, how- 
ever, greatly exceeds our own in its ability 
to make grants for scientific research. In 
addition to a special appropriation of 
£1,000 for the British Antarctic expedition, 
grants amounting to £1,115 were made as 


follows: 
Mathematics. £ 
Rayleigh, Lord—Electrical Standards ( £300 in 
25 
Judd, Prof. J. W.—Seismological Observations 
(£9 5s. 4d. in hand )...... 60 
FitzGerald, Prof. G. F.—Radiation in a Magnetic 
25 


10 
Callendar, Prof. H. L.—Meteorological Observa- 

20 
Kelvin, Lord—Tables of Mathematical Functions 75 


Chemistry. 
Hartley, Prof. W. N.—Relation between Absorp- 
tion Spectra and Constitution of Organic 


Roscoe, Sir H. E.—Wave-length Tables............ 5 
Reynolds, Prof. J. E.—Electrolytic Quantitative 

5 
Miers, Prof. H. A.-—-Isomorphous Sulphonic 

Derivatives of 20 
Neville, Mr. F. H.—The Nature of Alloys......... 30 

Geology. 
Hull, Prof. E.—Erratic Blocks ( £6 in hand)...... 
Geikie, Prof. J.—Photographs of Geological In- 

10 
Dawkins, Prof. W. B.—lRemains of Elk in the 

Dawson, Sir J. W.—Pleistocene Fauna and Flora 

10 
Lloyd- Morgan, Prof. C.—Ossiferous Caves at Up- 

Watts, Prof. W. W.—Movements of Under- 

ground Waters of Craven..............c.ceceeeeeeeeees 40 
Scharff, Dr.—Exploration of Irish Caves............ 20 


[N. 8S. Von. X. No. 250, 
Zoology. 

Herdman, Prof. W. A.—Table at the Zoological 
100 

Bourne, Mr. G. C.—Table at the Biological Lab- 
20 

Woodward, Dr. H.—Index Generum et Spec- 
Newton, Prof.—Migration of Birds.................. 15 

Lankester, Prof. E. Ray.—Plankton and Phys- 
ical Conditions of the English Channel.......... 40 


Newton, Prof.—Zoology of the Sandwich Islands 100 

Sedgwick, Mr. A.—Coral Reefs of the Indian Re- 
30 

Geography. 

Murray, Sir John—Physical and Chemical Con- 

Economie Science and Statistics. 
Price, Mr. L. L.—Future Dealings in Raw Pro- 


Sedgwick, Prof. H.—State Monopolies in other 
Countries (£13 13s. 6d. in hand).................. 


Mechanical Science. 


Preece, Sir W. H.—Small Screw Gauge ( £17 1s. 


Anthropology. 


Evans, Mr. A. J.—Silchester Excavation............ 10 
Penhallow, Prof. D. P.—Ethnological Survey of 

50 
Tylor, Prof. E. B.—New Edition of ‘ Anthropo- 

logical Notes and Queries’ 40 
Garson, Dr. J. G.—Age of Stone Circles ( balance 
Read, Mr. C. H.—Photographs of Anthropolog- 


Brabrook, Mr. E. W.—Mental and Physical Con- 
Read, Mr. C. H.—Ethnography of the Malay 
Physiology. 
Schiifer, Prof. E. A.—Physiological Effects of 
20 
Schiifer, Prof. E. A.—Comparative Histology of 
Suprarenal 20 
Gotch, Prof. F.— Comparative Histology of Cere- 
Gotch, Prof. F.—Electrical Changes in Mam- 
Starling, Dr.—Vascular Supply of Secreting 
Botany. 


Darwin, Mr. F.—Assimilation in Plants (£6 6s. 


| Riicker, Prof. A. W.—Magnetic Force on board Po 

| 
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Farmer, Prof. J. B.—Fertilizationin Pheophyces 20 


Corresponding Societies. 
Meldola, Prof. R.—Preparation of Report.......... 20 


The report of the Council adopted by 
the general committee, made a number of 
important reports and recommendations. 
Arrangements have been made for the es- 
tablishment of a Bureau of Ethnology in 
cooperation with the British Museum. The 
Government of Cape Colony is not able to 
make immediate provision for a magnetic 
observatory. Plans are being arranged for 
a central building for seismological observa- 
tions and to collect statistics of the physical 
and mental characteristics of the races 
throughout the Empire, especially in India. 
It was decided not to reprint the collected re- 
ports on the Northwestern Tribes of Canada 
inasingle volume. The British Admiralty 
was requested to secure systematic observa- 
tions on the erosion of the sea coast. 

We hope to be able to publish special ac- 
counts of the proceedings of some of the 
sections, but it may be convenient for the 
reader to have a general survey of the more 
important papers presented during the 
meeting. In the Mathematica land Phys- 
ical Section the interest created by the ad- 
dress of the president, Professor Poynting, 
already published in Scrence, was sustained 
throughout the meeting by papers describ- 
ing the results of important work. The 
much-discussed question of color-vision was 
raised once more by the paper of Mr. G. J. 
Burch on ‘ The Spectroscopical Examina- 
tion of Contrast Phenomena.’ His investi- 
gations lead him to support the Helmholtz 
theory, but also to suppose that a fourth 
primary sensation should be admitted— 
namely, blue. During the year the com- 
mittee on electrolysis and electrochemistry 
continued the work begun last year and 
furnished a report of progress. 

On the occasion of the visit of members 
of the French Association, Professor J. J. 
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Thomson gave a masterly exposition of the 
various lines of research by which it has 
been concluded that the atom is not the 
smallest existing quantity of matter. Elec- 
tro-chemical phenomena teach us to asso- 
ciate a definite amount of electricity with 
each atom of matter; but these recent re- 
searches indicate that under certain cir- 
cumstances a much larger quantity of neg- 
ative electricity may be conveyed by the 
atom, or else that the negative electrical 
charge resides on @ small detachable por- 


tion of the‘ atom,’ which alone is concerned 


in the experiments. The positive charge 
seems to be distributed over the whole mass 
of the atom. 

The exploration of the higher regions of 
our atmosphere, by means of kites bearing 
meteorological instruments, was reported 
by Mr. A. L. Rotch, of the Blue Hill Ob- 
servatory, and supplied convincing proof of 
its usefulness in weather forecasting and in 
climatology. Professor Darwin called at- 
tention to the fact that such work is unduly 
negelcted in Great Britain, because there is 
no Government meteorological observatory. 
Another interesting paper from America 
was presented by Dr. L. A. Bauer, who de- 
scribed the work of the newly-organized 
division of the U.S. Coast and Geodetic 
Survey for the study of terrestrial magne- 
tism in the United States. A discussion on 
thermometry which was introduced by Pro- 
fessor Callendar, will, it is hoped, lead 
to the adoption of a standard platinum 
thermometer. The matter is to be fully 
discussed by the Committee on Electric 
Standards, which has done good work in 
the past in connection with electrical meas- 
urement. 

In the Chemical Section particular prom- 
inence was given to the discussion of sub- 
jects of a general character. Undoubted 
good resulted from the consideration of the 
best means to organize the study of atomic 
weight determinations, whilst the joint dis- 
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cussion with Section K (Botany) on sym- 
biotic fermentation, in which several of the 
French visitors took part, was of much in- 
terest. Professor Marshall Ward, in open- 
ing the discussion, after considering the 
conditions under which symbiosis existed 
both in the vegetable and animal kingdoms, 
illustrating his views with such examples 
as that of the dual organism of lichens in 
which alga and fungus were the contributory 
organisms, passed to the more special sub- 
ject of symbiotic fermentation. In sym- 


biotic fermentations the one organism, such | 


as a mould, appeared to prepare the way for 
the action of a subsequent agent, such as 
yeast; and the preparation of Japanese 
saké, or rice wine, is a typical example of 
this dual effect. The discussion which fol- 
lowed it is hoped has led to a more exact 
recognition of the divisions and relations of 
symbiotic changes which may serve to de- 
velop the study of the subject. 

Professor Dewar’s important discoveries 
relating to the solidification of hydrogen 
will be noticed subsequently. Colonel 
Waterhouse contributed a note on a re- 
markable result he has observed on the ex- 
posure of metallic silver to light; a visible 
image results on the exposed plate after 
prolonged exposure, but the effect may be 
got in a very much shorter space of time by 
the development of the latent image that is 
produced. The industrial application of 
what was probably a similar action was re- 
ferred to by Sir W. Roberts-Austen. Al- 
though the papers on organic chemistry 
were of a technical character, the discus- 
sions, reports, and individual contributions 
in this branch of the science aroused much 
interest, and special importance is to be at- 
tached to a paper by Mr. W. J. Pope, on the 
influence of solvents upon the optical activ- 
ity of organic compounds. 

The chemists present at Dover will always 
look back upon the meeting with a special 
appreciation of the able address delivered 
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by the President of the Section, Dr. Horace 
T. Brown. The subject of the fixation of 
carbon by plants is a common meeting 
ground for the chemist, physicist and biolo- 
gist. After reference to the accustomed 
view that the higher plants derive the whole 
of the carbon which goes to build up their 
tissues from the carbonic acid of the atmos- 
phere, Dr. Brown reviewed the work that 
has been done to show that extra-atmos- 
pheriec sources of carbon may exist, and 
detailed his own experiments on the intake 
of carbon dioxide by plants, showing that 
this is directly proportional to the tension 
of the gas. 

Sir Archibald Geike’s presidential ad- 
dress before the Section of Geology which 
was given on the occasion of the visit of 
the French Association is printed below. 
The list of papers in geology was, as us- 
ual, a full one, so that, especially during 
the earlier days of the meeting, the time 
for discussion was limited. The subjects 
dealt with ranged over the whole of the 
wide field included in geological science, 
without any particular division being not- 
ably prominent. In stratigraphical as well 
as in economic geology the most important 
papers were those dealing with the coal- 
fields, and from their additional local inter- 
est those of Mr. R. Etheridge, F.R.S., and 
Professor W. Boyd Dawkins, attracted es- 
pecial attention. Mr. Etheridge treated 
the relations existing between the Franco- 
Belgian coalfield and those of Southwestern 
Britain, with the object of proving that the 
recent discoveries in Kent indicated the ex- 
istence of a chain of concealed coal-basins 
connecting the two regions. Professor 
Boyd Dawkins, while pursuing the same 
general argument and recapitulating the 
history of the discoveries in Kent, gave a 
brief description of the borings at present 
in progress under his superintendence at 
Ropersole, Ottinge, Hothfield, Old Soar, 
near Tonbridge, and Penshurst. At pres- 
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ent only the first of these has penetrated 
the secondary rocks, reaching coal measures 
at a depth of 1,580 feet below the surface ; 
the others have reached various horizons in 
the lower Cretaceous and Jurassic strata, 
which are found to thicken rapidly south- 
ward. Professor Boyd Dawkins concluded 
from the evidence of these borings that the 
southern boundary of the concealed coal- 
field in the eastern part of its course ranges 
nearly under the scarp of the South Downs, 
and that to the south of this the paleozoic 
floor is probably composed of rocks older 
than the coal measures. 

The concealed coal fields of another part 
of England—viz., North Staffordshire— 
were discussed by Mr. Walcot Gibson, of 
the Geological Survey, whose recent in- 
vestigations have shown that the so-called 
Permian rocks which overlie the pro- 
ductive measures at the margin of this 
field should be considered as part of the 
carboniferous system, since they are con- 
formable to the upper coal-measures and 
contain a coal-measure flora. By working 
out the details of these rocks, Mr. Gibson 
has been able to show that on the north- 
western side of the Staffordshire anticline 
the productive coal-measures are likely to 
occur within reach further west than might 
have been expected, thus increasing con- 
siderably the workable area of this coal 
field. It is interesting to find that these 
results have been attained by the minute 
study of strata which in themselves do not 
possess any direct economic value. Another 
stratigraphical paper with a practical ap- 
plication was that of Professor Boyd Daw- 
kins on the geological conditions of the 
proposed channel tunnel. The reading of 
this paper was followed by a brisk discus- 
sion, in which it was generally acknowl- 
edged that, apart from political reasons, 
there was not likely to be any serious diffi- 
culty in driving the tunnel through the 
lower beds of the chalk from England to 
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France. In the division of structural geol- 
ogy, Mrs. M. M. Gordon, D.Sc., contributed 
an analysis of the principles which underlie 
the complicated phenomena of folding to be 
found in the mountainous regions of the 
earth’s crust. 

As befitted the place of meeting, coast 
erosion received much attention from the 
section, three papers on this subject being 
read. Of these the most valuable was that 
of Mr. W. Whitaker, F.R.S., who summa- 
rized a large number of reports made by the 
coastguards all around the Kingdom as the 
result of circulars of inquiry sent out by the 
council of the Association with the sanction 
of the government authorities. This re- 
search promises eventually to yield highly 
important results in regard to the rate of 
destruction of our coasts by marine erosion. 

In the department of paleontology, with 
the exception of one or two reports of com- 
mittees, the papers were unimportant, while 
petrological science was represented mainly 
by a highly suggestive contribution by Pro- 
fessor A. Renard, of Ghent, on chondritic 
meteorites, in which it was pointed out that 
the rock structure of these visitants to our 
planet indicated that the parent mass had 
been subjected to the action of meta- 
morphism in a manner similar to that of 
some of the rocks of the earth’s crust. 

A paper brought forward by Professor P. 
F. Kendall gave the result of some recent 
researches into the course of underground 
streams in the limestone district of North- 
west Yorkshire; by the methods adopted 
the underground course taken by the prin- 
cipal sources of the river Aire have been 
more or less definitely traced. 

The address of the President of Section 
D (Mr. Adam Sedgwick, F.R. 8.) reviewed 
the facts of variation in their relation to 
reproduction and sex. Mr. Sedgwick con- 
tended that the variability of organisms 
must have been progressively greater the 
further we go back from the present time— 
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a conclusion of importance, because it en- 
ables the biologist to bring his requirements 
as to the time of evolutionary change within 
the limits granted by the physicist. 

The memorable features of the Dover 
meeting, so far as the zoological communica- 
tions were concerned, were undoubtedly Mr. 
J. J. Lister’s account of the newly-dis- 
covered calcareous sponge Astrosclera and 
Mr. Smith Woodward’s exhibition of fossil 
and recent remains of animals from Pata- 
gonia. The sponge, whose structure was 
explained by Mr. Lister, was exhibited 
at the International Zoological Congress 
at Cambridge last year, and completely 
puzzled all who examined it. It was 
brought home by Dr. Willey, along with 
other material, from the Loyalty Islands 
in the Western Pacific. During the past 
year Mr. Lister has subjected the four 
specimens to a minute and thorough ex- 
amination. He finds their structure to be 
undoubtedly that of a calcareous sponge, 
differing, however, in regard toits skeleton, 
canal system, and other points from all 
other sponges extant, but resembling to a 
surprising extent the fossil group of Phare- 
trones, Which are found in strata ranging 
from the Devonian to the chalk. 

Mr. Smith Woodward’s exhibition, on 
behalf of Dr. Moreno, of some newly-discov- 
ered remains of the ground-sloth Neomylodon, 
hitherto supposed to be extinct, was re- 
ceived by the section with great interest. 
The skull exhibited was still invested with 
pieces of flesh and cartilage, which bore 
witness to the freshness of its condition. 
A skull of the great extinct turtle Miolania 
from Patagonia was also examined with 
much interest by zoologists, on account of 
the close resemblance which it bears to the 
specimens already known from Queensland 
and Lord Howe’s Island. Mr. Graham 
Kerr’s success in bringing home a com- 
plete series of stages in the development of 
the lung-fish Lepidosiren, gained for him 
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the hearty congratulations of the Section. 
Mr. Garstang’s account of the work al- 
ready accomplished by the committee for 
periodically surveying the Plankton and 
physical conditions of the English Channel, 
promised well for the satisfactory comple- 
tion of a most important undertaking, and 
the discussion on marine fish culture was 
of a thoroughly practical character. 

One has to go back to the earlier years of 
the Association to find so excellent a pro- 
gram, from the scientific point of view, as 
that presented by the Geographical Section 
at Dover. The papers on scientific geog- 
raphy were many and the travel papers. 
few, and such of the latter as were pre- 
sented were up to a high standard. The 
address of the President, Sir John Murray, 
gave an admirably clear résumé of the chief 
results which have been attained in the in- 
vestigation of the oceans during the last 30 
years or so. The concluding portion of his 
address dealt with the subject of Antarctic 
exploration, with special reference to the 
proposed National Antarctic Expedition, 
and the greater part of the following day 
was devoted to a discussion of the same 
subject. The President’s remarks and the 
statements brought forward in the discus- 
sion are generally regarded as expressing 
the views of scientific men as to what. 
ought to be the program of the British 
expedition. There can be no doubt, from 
what took place in the Geographical Sec- 
tion, that the feeling among scientific geog- 
raphers is that the expedition should not be 
a mere naval adventure, but that, as far as 
the funds available allow, the expedition 
should be so organized as to secure the 
largest possible gain to all departments of 
science interested in the Antarctic. It is 
to be hoped that Sir John Murray’s appeal 
for an additional £50,000 will meet with 
a prompt response, as it will then be pos- 
sible to send two ships, and to render the 
program of the enterprise complete all 
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round to the satisfaction of all concerned 
in its organization. All who heard Admiral 
Makaroff’s paper on the wonderful work 
accomplished by his ice-breaker would 
wish, if it were possible, to send such a 
ship to the Antarctic, and with an available 
fund of £150,000 this might be possible. 
Naturally, with Sir John Murray in the 
chair, Oceanography and limnology were 
prominent, though Sir John seemed to 
think that Dr. Mill’s attempt to formulate 
a nomenclature of the bed of the ocean 
was somewhat premature. Notwithstand- 
ing the criticism of Mr. Crook, Sir John 
Farquharson’s account of the last twelve 
years’ work of the Ordnance Survey proved 
that the British Survey maps will stand 
comparison with those produced in other 
countries. Sir John Farquharson was un- 
able to exhibit the magnificent series of 
maps which he had brought with him ow- 
ing to lack of space. The papers by Mr. 
and Mrs. Rickmers on their journey in 
Central Asia and by Captain Wellby, on his 
remarkable journey to Southern Abyssinia 
and Lake Rudolf, and thence northwest to 
Khartum, were excellent; while Dr. Had- 
don’s notes on his expedition to New Guinea 
and Borneo were a good illustration of what 
is meant by ‘Anthropogeography.’ 

In the section of Economics and Statistics, 
the president, Mr. Henry Higgs, abstained 
from reviewing the progress of economic 
theory, and his thoughful plea for a detailed 
study of the actual consumption of wealth 
and a consideration of the ways in which 
it may be improved has excited consider- 
able attention. Whether his advice will be 
taken remains to be seen, but, if the pro- 
ceedings of the Section afford material for 
judging, professed economists have ceased 
to interest themselves in economic theory. 
They were strongly represented at the 
meeting by Professors Edgeworth, Smart, 
and Flux, Messrs. Cannan and Bowley, Dr. 
J. H. Hollander, and others, but not one 
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contribution to economic theory was offered 
by any of them. The subject which now. 
seems to draw the largest audience and the 
most animated discussion is what may be 
called municipal economics; and in the 
annual discussion of subjects which come 
under this head the Section is probably _ 
doing its most useful work. Thesubject of 
the measurement of wages and retail prices 
was dealt with in several papers. 

Meeting under the presidency of Sir Wil- 
liam White, chief constructor to the British 
Navy, it was natural that marine engineer- 
ing should be the most prominent feature 
of the work of Section G, at Dover. In his 
address, the president, after dealing with 
the great progress of the past 60 years, not 
only in size of ships, but in speed and in- 
creased engine power, discussed the prob- 
able lines of advance in future, and by the 
help of some convincing figures showed how 
serious and practically insuperable were 
the difficulties abead of us in the matter of 
greatly increased speeds for big liners and 
cruisers, and, in fact, for large ships gen- ° 
erally. A paper by the Hon. C. A. Parsons, 
F.R.S., on the application of his now well- 
known steam turbines to the driving of fast 
passenger steamers, both for cross-Channel 
and for the Atlantic service, came as a con- 
vincing supplement to this portion of the 
president’s address. In the discussion the 
author was able to state that the prelimi- 
nary trials had thoroughly confirmed his 
anticipations of success. In view of the 
wild statements and of the misleading de- 
ductions so often made from the high speeds 
now attained in destroyers, it seems well 
to point out that Mr. Parsons, in his pro- 
posed liner of 600 feet length and 18,000 
tons displacement, does not propose a 
greater speed than 26 knots, and to obtain 
this he would need, even with all the ad- 
vantages he claims for his steam turbines in 
reduction of weight, etc., no less than 38,- 
000-horse power, or over two-horse power 
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per ton of displacement; in the cross-Chan- 
nel boat he proposed 30 knots. The im- 
provement in the time of transit through 
the Suez Canal, due both to the widening 
and deepening of the original canal and to 
the use of the electric light for night pas- 
sages, were the striking facts of Sir Charles 
Hartley’s valuable description of the engi- 
neering features of the canal. 

In the Anthropological Section, Mr. C. 
H. Read’s address developed the idea first 
proposed by him at the Liverpool meeting 
of an Imperial bureau of ethnology. The 
scheme has been accepted in principle by 
the Government, and the administrators of 
nitive races have now the highest official 
encouragement to furnish reports and ob- 
servations to the central institution. The 
bureau will stand in relation to the Eth- 
nographical Department of the British 
Museum, but the Museum cannot maintain 
the bureau from its own resources; still 
less can it provide the teaching organiza- 
tion which Mr. Read regards as an essential 
part of this scheme. The solution which 
he proposes is to establish the bureau in a 
part of the Imperial Institute; to transfer 
the Ethnographical Department thither into 
the close neighborhood of the Indian and 
Art Museums ; and to look to the Univer- 
sity of London, established under the same 
roof, for a professor and a school of an- 
thropology. Dr. Haddon and his colleagues 
described the Cambridge expedition to 
Torres Straits, of which we hope to give 
later some account. The papers of Dr. 
Garson, Mr. MaclIver, and Professor Mac- 
alister illustrated in different ways the 
growing demand for real accuracy in an- 
thropometry, the growing scepticism of the 
possibility of distinguishing races by mere 
linear measurements of the bones, and the 
stimulus which these uncertainties have 
given to better methods of obtaining and 
tabulating the data. The practical impor- 
tance of this side of anthropology came out 
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well in the discussion of the merits of meas- 
urements and of finger prints in the identi- 
fication of criminals in India. Dr. Rivers’s 
method of genealogical census and Profes- 
sor Petrie’s system of accurate sequence 
dating for antiquities are also worthy of 
separate mention. 

The Section of Physiology was that to 
which the President of the Association him- 
self specially belonged, and this may account 
for the numerous papers and reports which 
were presented at the Dover meeting. They 
proved how much need there was for the 
institution of such a Section. The papers 
presented were of scientific importance, but 
were in most cases too technical for ab- 
stracts. 

In the Botanical Section the meetings 
were very successful, and some very inter- 
esting papers were communicated. The 
address of the President, Sir George King, 
dealt with the history and present position 
of Indian botany, and his remarks on the 
unsatisfactory training given in England to 
officers destined for the Indian Forest Ser- 
vice were received with approval. Mr. 
Francis Darwin’s paper on the geotropic 
sensitiveness in plants was a most important 
communication, showing as it did that 
plants are capable of receiving a stimulus 
in a sensitive part which is transmitted to 
another part of the plant and results ina 
definite movement of that part. From Pro- 
fessor M. Ward and his pupils were received 
a number of papers on fungi, and Mr. 
A. C. Seward contributed several papers on 
fossil botany. Mr. Harold Wager, of Leeds, 
dealt with the question of sexuality in fungi, 
and showed that the phenomena are not 
only comparable to those which occur in 
higher plants and animals, but that the 
study of these forms gives an insight into 
the primary meaning of sexuality. One of 
the most important papers was that by Sir 
W. Thiselton-Dyer on the effect of low 
temperatures on the germination of seeds. 


= 
3 
ds 


OcTOBER 13, 1899.] 


He showed that extreme cold does not in- 
terfere with their power of germination. 

The Association will meet next year at 
Bradford, commencing on Wednesday, Sep- 
tember 5th, with Sir William Turner as 
president. The meeting of 1901 will be 
at Glasgow, and the following meeting will 
probably be in Ireland. 


ADDRESS BY THE PRESIDENT OF THE GEO- 
LOGICAL SECTION OF THE BRITISH 
ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE.* 

Amone the many questions of great the- 
oretical importance which have engaged 
the attention of geologists, none has in late 
years awakened more interest or aroused 
livelier controversy than that which deals 
with Time as an element in geological his- 
tory. The various schools which have sue- 
cessively arisen—Cataclysmal, Uniformi- 
tarian, and Evolutionist—have had each 
its own views as to the duration of their 
chronology, as well as to the operations of 
terrestrial energy. But though holding dif- 
ferent opinions, they did not make these 
differences matter of special controversy 
among themselves. About thirty years 
ago, however, they were startled by a 
bold irruption into their camp from the 
side of physics. They were then called 
on to reform their ways, which were de- 
clared to be flatly opposed to the teach- 
ings of natural philosophy. Since that 
period the discussion then started regard- 
ing the age of the Earth and the value 
of geological time has continued with vary- 
ing animation. Evidence of the most mul- 
tifarious kind has been brought forward, 
and arguments of widely different degrees 
of validity have been pressed into service 
both by geologists and paleontologists on 
one side, and by physicists on the other. 
For the last year or two there has been a 
pause in the controversy, though no gen- 


* Dover meeting, September, 1899. 
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eral agreement has been arrived at in re- 
gard to the matters in dispute. The pres- 
ent interval of comparative quietude seems 
favorable for a dispassionate review of the 
debate. I propose, therefore, to take, as 
perhaps a not inappropriate subject on 
which to address geologists upon a some- 
what international occasion like this pres- 
ent meeting of the British Association at 
Dover, the question of Geological Time. 
In offering a brief history of the discussion, 
I gladly avail myself of the opportunity of 
enforcing one of the lessons which the dis- 
cussion has impressed upon my own mind, 
and to point a moral which, as it seems to 
me, we geologists may take home to our- 
selves from a consideration of the whole 
question. There is, I think, a practical 
outcome which may be made to issue from | 
the controversy in a combination of sym- 
pathy and cooperation among geologists all 
over the world. A lasting service will be 
rendered to our science if by well-concerted 
effort we can place geological dynamics and 
geological chronology on a broader and 
firmer basis of actual experiment and meas- 
urement than has yet been laid. 

To understand aright the origin and 
progress of the dispute regarding the value 
of time in geological speculation, we must 
take note of the attitude maintained 
towards this subject by some of the early 
fathers of the science. Among these pio- 
neers none has left his mark more deeply 
graven on the foundations of modern geol- 
ogy than James Hutton. To him, more 
than to any other writer of his day, do we 
owe the doctrine of the high autiquity of 
our globe. No one before him had ever 
seen so clearly the abundant and impres- 
sive proofs of this remote antiquity re- 
corded in the rocks of the earth’s crust. 
In these rocks he traced the operation of 
the same slow and quiet processes which he 
observed to be at work at present in grad- 
ually transforming the face of the existing 
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continents. When he stood face to face 
with the proofs of decay among the moun- 
tains, there seems to have arisen upper- 
most in his mind the thought of the im- 
mense succession of ages which these proofs 
revealed to him. His observant eye en- 
abled him to see “the operations of the 
surface wasting the solid body of the globe, 
and to read the unmeasurable course of 
time that must have flowed during those 
amazing operations, which the vulgar do 
not see, and which the learned seem to see 
without wonder.’* In contemplating the 
stupendous results achieved by such appar- 
ently feeble forces, Hutton felt that one 
great objection he had to contend with in 
the reception of his theory, even by the 
scientific men of his day, lay in the in- 
ability or unwillingness of the human mind 
to admit such large demands as he made on 
the past. ‘What more can we require?’ 
he asks in summing up his conclusions; 
and he answers the question in these mem- 
orable words: ‘‘ What more can we require ? 
Nothing but time. It is not any part of 
the process that will be disputed ; but after 
allowing all the parts, the whole will be 
denied; and for what?—only because we 
are not disposed to allow that quantity of 
time which the ablution of so much wasted 
mountain might require. ’’+ 

Far as Hutton could follow the succes- 
sion of events registered in the rocky crust 
of the globe, he found himself baffled by 
the closing in around him of that dark 
abysm of time into which neither eye nor 
imagination seemed able to penetrate. He 
well knew that, behind and beyond the 
ages recorded in the oldest of the primitive 
rocks, there must have stretched a vast 
earlier time, of which no record met his 
view. He did not attempt to speculate be- 
yond the limits of his evidence. ‘I do not 
pretend,” he said, “ to describe the begin- 


* Theory of the Earth, Vol. I., p. 108. 
t Op. cit., Vol. IL., p. 329. 
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ning of things ; I take things such as I find 
them at present, and from these I reason 
with regard to that which must have 
been.’’* In vain could he look, even among 
the oldest formations, for any sign of the 
infancy of the planet. He could only de- 
tect a repeated series of similar revolutions, 
the oldest of which was assuredly not the 
first in the terrestrial history, and he con- 
cluded, as “the result of this physical in- 
quiry, that we find no vestige of a begin- 
ning, no prospect of an end .’’} 

This conclusion from strictly geological 
evidence has been impugned from the side 
of physics, and, as further developed by 
Playfair, has been declared to be contra- 
dicted by the principles of natural phi- 
losophy. But if it be considered on the 
basis of the evidence on which it was 
originally propounded, it was absolutely 
true in Hutton’s time and remains true 
to-day. That able reasoner never claimed 
that the earth has existed from all eternity, 
or that it will go on existing for ever. He 
admitted that it must have had a beginning, 
but he had been unable to find any vestige 
of that beginning in the structure of the 
planet itself. Aud notwithstanding all the 
multiplied researches of the century that 
has passed since the immortal ‘ Theory of 
the Earth’ was published, no relic of the 
first condition of our earth has been found. 
We have speculated much, indeed, on the 
subject, and our friends the physicists have 
speculated still more. Some of the specu- 
lations do not seem to me more philosoph- 
ical than many of those of the older cos- 
mogonists. As far as reliable evidence can 
be drawn from the rocks of the globe itself, 
we do not seem to be nearer the discovery 
of the beginning than Hutton was. The 
most ancient rocks that can be reached are 
demonstrably not the first-formed of all. 
They were preceded by others which we 

* Op. cit., Vol. I., p. 173, note. 

t Op. cit., Vol. I., p. 200. 
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know must have existed, though no vestige 
of them may remain. 

It may be further asserted that, while it 
was Hutton who first impressed on modern 
geology the conviction that for the adequate 
comprehension of the past history of the 
earth vast periods of time must be admitted 
to have elapsed, our debt of obligation to 
him is increased by the genius with which 
he linked the passage of these vast periods 
with the present economy of nature. He 
first realized the influence of time as a 
factor in geological dynamics, and first 
taught the efficacy of the quiet and unob- 
trusive forces of nature. His predecessors 
and contemporaries were never tired of in- 
voking the more vigorous manifestations of 
‘terrestrial energy. They saw in the com- 
position of the land and in the structure of 
mountains and valleys memorials of num- 
berless convulsions and cataclysms. In 
Hutton’s philosophy, however, “it is the 
little causes, long continued, which are con- 
sidered as bringing about the greatest 
changes of the earth.’’* 

And yet, unlike many of those who de- 
rived their inspiration from his teaching, 
but pushed his tenets to extremes which he 
doubtless never anticipated, he did not look 
upon time as a kind of scientific fetich, the 
invocation of which would endow with effi- 
cacy even the most trifling phenomena. As 
if he had foreseen the use that might be 
made of his doctrine, he uttered this re- 
markable warning: ‘ With regard to the 
effect of time, though the continuance of 
time may do much in those operations 
which are extremely slow, where no change, 
to our observation, had appeared to take 
place, yet, where it is not in the nature of 
things to produce the change in question, 
the unlimited course of time would be no 
more effectual than the moment by which 
we measure events in our observations.’’} 


* Theory of the Earth, Vol. II., p. 205. 
Tt Op. eit., Vol. I., p. 44. 
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We thus see that in the philosophy of 
Hutton, out of which so much of modern 
geology has been developed, the vastness of 
the antiquity of the globe was deduced from 
the structure of the terrestrial crust and the 
slow rate of action of the forces by which 
the surface of the crust is observed to be 
modified. But no attempt was made by 
him to measure that antiquity by any of 
the chronological standards of human con- 
trivance. He was content to realize for 
himself and to impress upon others that the 
history of the earth could not be understood, 
save by the admission that it occupied pro- 
longed though indeterminate ages in its 
accomplishment. And assuredly no part 
of his teaching has been more amply sus- 
tained by the subsequent progress of re- 
search. 

Playfair, from whose admirable ‘ Illustra- 
tions of the Huttonian Theory’ most geol- 
ogists have derived all that they know di- 
rectly of that theory, went a little further 
than his friend and master in dealing with 
the age of the earth. Not restricting him- 
self, as Hutton did, to the testimony of the 
rocks, which showed neither vestige of a 
beginning nor prospect of an end, he called 
in the evidence of the cosmos outside the 
limits of our planet, and declared that in 
the firmament also no mark could be dis- 
covered of the commencement or termina- 
tion of the present order, no symptom of 
infancy or old age, nor any sign by which 
the future or past duration of the universe 
might be estimated.* He thus advanced 
beyond the strictly géological basis of -rea- 
soning, and committed himself to state- 
ments which, like some made also by 
Hutton, seem to have been suggested by 
certain deductions of the French mathe- 
maticians of his day regarding the stability 
of the planetary motions. His statements 
have been disproved by modern physics ; 
distinct evidence, both from the earth and 

* Illustrations of the Huttonian Theory, 2 118. 
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the cosmos, has been brought forward of 
progress from a beginning which can be 
conceived, through successive stages to an 
end which can be foreseen. But the dis- 
proof leaves Hutton’s doctrine about the 
vastness of geological time exactly where it 
was. Surely it was no abuse of language 
to speak of periods as being vast, which can 
only be expressed in millions of years. 

It is easy to understand how the Uni- 
formitarian school, which sprang from the 
teaching of Hutton and Playfair, came to 
believe that the whole of eternity was at 
the disposal of geologists. In popular esti- 
mation, as the ancient science of astronomy 
was that of infinite distance, so the modern 
study of geology was the science of infinite 
time. It must be frankly conceded that 
geologists, believing themselves unfettered 
by any limits to their chronology, made 
ample use of their imagined liberty. Many 
of them, following the lead of Lyell, to 
whose writings in other respects modern 
geology owes so deep a debt of gratitude, 
became utterly reckless in their demands 
for time, demands which even the require- 
ments of their own science, if they had 
adequately realized them, did not warrant. 
The older geologists had not attempted to 
express their vast periods in terms of years. 
The indefiniteness of their language fitly 
denoted the absence of any ascertainable 
limits to the successive ages with which 
they had to deal. And until some evidence 
should be discovered whereby these limits 
might be fixed and measured by human 
standards, no reproach could justly be 
brought against the geological terminology 
It was far more philosophical to be content | 
in the meanwhile, with indeterminate ex- 
pressions, than from data of the weakest or 
most speculative kind to attempt to meas- 
ure geological periods by a chronology of 
years or centuries. 

In the year 1862 a wholly new light was 
thrown on the question of the age of our 
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globe and the duration of geological time 
by the remarkable paper on the ‘Secular 
Cooling of the Earth,’ communicated by 
Lord Kelvin (then Sir William Thomson), 
to the Royal Society of Edinburgh.* In 
this memoir he first developed his now 
well-known argument from the observed 
rate of increase of temperature downwards 
from the surface of the land. He aston- 
ished geologists by announcing to them that 
some definite limits to the age of our planet 
might be ascertained, and by declaring his 
belief that this age must be more than 20 
millions, but less than 400 millions of years, 

Nearly four years later he emphasized 
his dissent from what he considered to be 
the current geological opinions of the day 
by repeating the same argument in a more 
pointedly antagonistic form in a paper of 
only a few sentences, entitled, ‘The Doc- 
trine of Uniformity in Geology briefly re- 
futed.’+} 

Again, after a further lapse of about two 
years, when, as President of the Geological 
Society of Glasgow, it became his duty to 
give an address, he returned to the same 
topic and arraigned more boldly and ex- 
plicitly than ever the geology of the time. 
He then declared that ‘‘a great reform in 
geological speculation seems now to have 
become necessary,’’ and he went so far as to 
affirm that ‘it is quite certain that a great 
mistake has been made—that British popu- 
lar geology at the present time is in direct 
opposition to the principles of natural philos- 
ophy.”’{ In pressing once more the original 
argument derived from the downward in- 
crease of terrestrial temperature, he now 
reinforced it by two further arguments, 
the one based on the retardation 0° the 
earth's angular velocity by tidal friction, the 


* Trans. Roy. Soc. Edin., Vol. XXIII. (1862). 

t Proc. Roy. Soc. Edin., Vol. V., p. 512 (Dec. 18, 
1865). 

t Trans. Geol. Soc., Glasgow, Vol. III. (February, 
1868), pp 1, 16. 
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other on the limitation of the age of the 
sun. 

These three lines of attack remain still 
those along which the assault from physics 
is delivered against the strongholds of 
geology. Lord Kelvin has repeatedly re- 
turned to the charge since 1868, his latest 
contribution to the controversy having been 
pronounced two years ago.* While his 
physical arguments remain the same, the 
limits of time which he deduces from them 
have been successively diminished. The 
original maximum of 400 millions of years 
has now been restricted by him to not much 
more than 20 millions, while Professor Tait 
grudgingly allows something less than 10 
millions.t 

Soon after the appearance of Lord Kel- 
vin’s indictment of modern geology in 1868, 
the defence of the science was taken up by 
Huxley, who happened at the time to be 
President of the Geological Society of Lon- 
don. In his own inimitably brilliant way, 
half seriously, half playfully, this doughty 
combatant, with evident relish, tossed the 
physical arguments to and fro in the eyes 
of his geological brethren, as a barrister 
may flourish his brief before a sympathetic 
jury. He was willing to admit that ‘‘ the 
rapidity of rotation of the earth may be di- 
minishing, that the sun may be waxing dim, 
or that the earth itself may be cooling.’’ But 
he went on to add his suspicion that ‘‘ most 
of us are Gallios, ‘who care for none of 
these things,’ being of opinion that, true or 
fictitious, they have made no practical dif- 
ference to the earth, during the period of 
which a record is preserved in stratified de- 
posits.’’ 

For the indifference which their advocate 
thus professed on their behalf most geolo- 


**The Age of the Earth,’ being the Annual Ad- 
dress to the Victoria Institute, June 2, 1897. Scr- 
ENCE, May 12 and 19, 1899. Phil. Mag., 1899. 

t Keeent Advances in Physical Science, p. 174. 
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gists believed that they had ample justifi- 
cation. The limits within which the phys- 
icist would circumscribe the earth’s history 
were so vague, yet so vast, that whether the 
time allowed were 400 millions or 100 
millions of years did not seem to them 
greatly to matter. Afterall, it was not the 
time that chiefly interested them, but the 
grand succession of events which the time 
had witnessed. That succession had been 
established on observations so abundant and 
so precise that it could withstand attack 
from any quarter, and it had taken as firm 
and lasting a place among the solid achieve- 
ments of science as could be claimed for any 
physical speculations whatsoever. Whether 
the time required for the transaction of this 
marvellous earth-history was some millions 
of years more, or some millions of years less, 
did not seem to the geologists to be a ques- 
tion on which their science stood in an- 
tagonism with the principles of natural 
philosophy, but one which the natural phi- 
losophers might be left to settle at their own 
good pleasure. 

For myself, I may be permitted here to 
say that I have never shared this feeling of 
indifference and unconcern. As far back as 
the year 1868, only a month after Lord 
Kelvin’s first presentation of his threefold 
argument in favor of limiting the age of the 
earth, I gave in my adhesion to the pro- 
priety of restricting the geological demands 
for time. I then showed that even the phe- 
nomena of denudation, which, from the 
time of Hutton downwards, had been most 
constantly and confidently appealed to in 
support of the inconceivably vast antiquity 
of our globe, might be accounted for, at the 
present rate of action, within such a period 
as 100 millions of years.* To my mind it 
has always seemed that whatever tends to 


* Trans. Geol. Soc. Glasgow, Vol. III. (March 26, 
1863), p. 189. Sir W. Thomson acknowledged my 
adhesion in his reply to Huxley’s criticism. Op. cit., 
p. 221. 
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_give more precision to the chronology of the 
geologist and helps him to a clearer con- 
ception of the antiquity with which he has 
to deal, ought to be welcomed by him as a 
valuable assistance in his inquiries. And 
I feel sure that this view of the matter has 
now become general among those engaged 
in geological research. Frank recognition 
is made of the influence which Lord Kel- 
vin’s persistent attacks have had upon our 
science. Geologists have been led by his 
criticisms to revise their chronology. They 
gratefully acknowledge that to him they 
owe the introduction of important new lines 
' of investigation, which link the solution of 
the problems of geology with those of 
physics. They realize how much he has 
done to dissipate the former vague con- 
ceptions as to the duration of geological 
history, and even when they emphatically 
dissent from the greatly restricted bounds 
within which he would now limit that 
history, and when they declare their in- 
ability to perceive that any reform of their 
speculations in this subject is needful, or 
that their science has placed herself in op- 
position to the principles of physics, they 
none the less pay their sincere homage to 
one who has thrown over geology, as over 
so many other departments of natural 
knowledge, the clear light of a penetrating 
and original genius. 

When Lord Kelvin first developed his 
strictures on modern geology he expressed 
his opposition in the most uncompromising 
language. In the short paper to which 
reference has already been made he an- 
nounced, without hesitation or palliation, 
that he ‘briefly refuted’ the doctrine of 
Uniformitarianism which had been espoused 
and illustrated by Lyell and a long list of 
the ablest geologists of the day. The se- 
verity of his judgment of British geology 
was not more marked than was his un- 
qualified reliance on his own methods and 
results. This confident assurance of a dis- 
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tinguished physicist, together with a four- 
midable array of mathematical formule, 
produced its effect on some geologists and 
paleontologists who were not Gallios. Thus, 
even after Huxley’s brilliant defense, Dar- 
win could not conceal the deep impression 
which Lord Kelvin’s arguments had made 
on his mind. In one letter he wrote that 
the proposed limitation of geological time 
was one of his ‘sorest troubles.’ In an- 
other, he pronounced the physicist himself 
to be ‘ an odious spectre.’* 

The same self-confidence of assertion on 
the part of some, at least, of the disputants 
on the physical side has continued all 
through the controversy. Yet when we 
examine the three great physical argu- 
ments in themselves, we find them to rest 
on assumptions which, though certified as 
‘ probable’ or ‘ very sure,’ are nevertheless 
admittedly assumptions. The conclusions 
to which these assumptions lead must de- 
pend for their validity on the degree of ap- 
proximation to the truth in the premises 
which are postulated. 

Now it is interesting to observe that 
neither the assumptions nor the conclusions 
drawn from them have commanded uni- 
versal assent even among physicists them- 
selves. If they were as self-evident as they 
have been claimed to be, they should at 
least receive the loyal support of all those 
whose function it is to pursue and extend 
the applications of physics. It will be re- 
membered, however, that thirteen years ago 
Professor George Darwin, who has so often 
shown his inherited sympathy in geological 
investigation, devoted his presidential ad- 
dress before the Mathematical Section of 
this Association to a review of the three 
famous physical arguments respecting the 
age of the earth. He summed up his judg- 
ment of them in the following words: ‘ In 
considering these three arguments I have 
adduced some reasons against the validity 

* Darwin’s Life and Letters, Vol. I1I., pp. 115, 146. 
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of the first (tidal friction) ; and have en- 
deavored to show that there are elements of 
uncertainty surrounding the second (secu- 
lar cooling of the earth) ; nevertheless they 
undoubtedly constitute a contribution of 
the first importance to physical geology. 
Whilst, then, we may protest against the 
precision ‘with which Professor Tait seeks 
to deduce results from them, we are fully 
justified in following Sir William Thomson, 
who says that ‘the existing state of things 
on the earth, life on the earth—all geological 
history showing continuity of life, must be 
limited within some such period of past time 
as 100,000,000 years.’ ’’* 

More recently Professor Perry has entered 
the lists, from the physical side, to challenge 
the validity of the conclusions so confidently 
put forward in limitation of the age of the 
earth. He has boldly impugned each of the 
three physical arguments. That which is 
based on tidal retardation, following Mr. 
Maxwell Close and Professor Darwin, he 
dismisses as fallacious. In regard to the 
argument from the secular cooling of the 
earth, he contends that it is perfectly allow- 
able to assume a much higher conductivity 
for the interior of the globe, and that this 
assumption would vastly increase our esti- 
mate of the age of the planet. As to the 
conclusions drawn from the history of the 
sun, he maintains that, on the one hand, 
the sun may have been repeatedly fed by 
infalling meteorites, and that on the other 
the earth, during former ages, may have 
had its heat retained by a dense atmospheric 
envelope. He thinks that ‘ almost anything 
is possible as to the present internal state of 
the earth,’ and he concludes in these words : 
‘To sum up, we can find no published 
record of any lower maximum age of life on 
the earth, as calculated by physicists, than 
400 millions of years. From the three 
physical arguments, Lord Kelvin’s higher 
limits are 1000, 400, and 500 million years. 

* Rep. Brit. Assoc., 1886, p. 517. 
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I have shown that we have reasons for be- 
lieving that the age, from all these, may be 
very considerably underestimated. It is to 
be observed that if we exclude everything 
but the arguments from mere physics, the 
probable age of life on the earth is much less 
than any of the above estimates ; but if the 
paleontologists have good reasons for de- 
manding much greater times, I see nothing 
from the physicist’s point of view which 
denies them four times the greatest of these 
estimates. ’’* 

This remarkable admission from a recog- 
nized authority on the physical side re- 
echoes and emphasizes the warning pro- 
nounced by Professor Darwin in the address 
already quoted—‘‘ at present our knowledge 
of a definite limit to geological time has so — 
little precision that we should do wrong-to 
summarily reject any theories which appear 
to demand longer periods of time than those 
which now appear allowable. ’’ + 

This ‘ wrong,’ which Professor Darwin so 
seriously deprecated, has been committed 
not once, but again and again, in the his- 
tory of this discussion. Lord Kelvin has 
never taken any notice of the strong body 
of evidence adduced by geologists and pale- 
ontologists in favor of a much longer antiq- 
uity than he is now disposed to allow for 
the age of the earth. His own three phys- 
ical arguments have been successively re- 
stated, with such corrections and modifica- 
tions as he has found to be necessary, and 
no doubt further alterations are in store for 
them. He has cut off slice after slice from 
the allowance of time which at first he was 
prepared to grant for the evolution of geo- 
logical history, his latest pronouncement 
being that ‘it was more than twenty and 
less than forty million years, and probably 
much nearer twenty than forty.’ { But 


* Nature, Vol. LI., p. 585, April 18, 1895. 

+ Rep. Brit. Assoc., 1886, p. 518. 

t ‘The Age of the Earth,’ Presidential Address to 
the Victoria Institute for 1897, p. 10, Phil. Mag., 1899. 
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in none of his papers is there an admission 
that geology and paleontology, though they 
have again and again raised their voices in 
protest, have anything to say in the matter 
that is worthy of consideration. 

It is difficult satisfactorily to carry on a 
discussion in which your opponent entirely 
ignores your arguments, while you have 
given the fullest attention to his. In the 
present instance, geologists have most care- 
fully listened to all that has been brought 
forward from the physical side. Impressed 
by the force of the physical reasoning, they 
no longer believe that they can make any 
demands they may please on past time. 
They have been willing to accept Lord Kel- 
vin’s original estimate of 100 millions of 
years as the period within which the his- 
tory of life upon the planet must be com- 
prised; while some of them have even 
sought in various ways to reduce that sum 
nearer to his lower limit. Yet there is un- 
doubtedly a prevalent misgiving, whether 
in thus seeking to reconcile their require- 
ments with the demands of the physicist 
they are not tying themselves down within 
limits of time which on any theory of evo- 
lution would have been insuflicient for the 
development of the animal and vegetable 
kingdoms. 

It is unnecessary to recapitulate before 
this Section of the British Association, even 
in briefest outline, the reasoning of geologists 
and paleontologists which leads them to 
conclude that the history recorded in the 
crust of the earth must have required for 
its transaction a much vaster period of time 
than that to which the physicists would now 
restrict it.* Let me merely remark that 
the reasoning is essentially based on obser- 


* The geological arguments are briefly given in my 
Presidential Address to the British Association at the 
Edinburgh meeting of 1892. The biological argu- 
ments were well stated, and in some detail, by Pro- 
fessor Poulton in his address to the Zoological Section 
of the Association at the Liverpool Meeting of 1896. 
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vations of the present rate of geological and 
biological changes upon the earth’s surface, 
It is not, of course, maintained that this 
rate has never varied in the past. But it is 
the only rate with which we are familiar, 
which we can watch and in some degree 
measure, and which, therefore, we can take 
as a guide towards the comprehension and 
interpretation of the past history of our 
planet. 

It may be, and has often been said, that 
the present scale of geological and biological 
processes cannot be accepted as a reliable 
measure for the past. Starting from the 
postulate, which no one will dispute, that 
the total sum of terrestrial energy was once 
greater than it is now and has been steadily 
declining, the physicists have boldly as- 
serted that all kinds of geological action 
must have been more vigorous and rapid 
during bygone ages than they are to-day ; 
that volcanoes were more gigantic, earth- 
quakes more frequent and destructive, 
mountain-upthrows more stupendous, tides 
and waves more powerful, and commotions 
of the atmosphere more violent, with more 
ruinous tempests and heavier rainfall. As- 
sertions of this kind are temptingly plau- 
sible and are easily made. But it is not 
enough that they should be made; they 
ought to be supported by some kind of evi- 
dence to show that they are founded on 
actual fact and not on mere theoretical pos- 
sibility. Such evidence, if it existed, could 
surely be produced. The chronicle of the 
earth’s history, from a very early period 
down to the present time, has been legibly 
written within the sedimentary formations 
of the terrestrial crust. Let the appeal be 
made to that register. Does it lend any 
support to the affirmation that the geolog- 
ical processes are now feebler and slower 
than they used to be? If it does, the phys- 
icists, we might suppose, would gladly 
bring forward its evidence as irrefragable 
confirmation of the soundness of their con- 
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tention. But the geologists have found no 
such confirmation. On the contrary, they 
have been unable to discover any indication 
that the rate of geological causation has 
ever, on the whole, greatly varied during 
the time which has elapsed since the deposi- 
tion of the oldest stratified rocks. They do 
not assert that there has been no variation, 
that there have been no periods of greater 
activity, both hypogene and epigene. But 
they maintain that the demonstration of the 
existence of such periods has yet to be 
made. They most confidently affirm that 
whatever may have happened in the earliest 
ages, in the whole vast succession of sedi- 
mentary strata nothing has yet been de- 
tected which necessarily demands that more 
violent and rapid action which the physi- 
cists suppose to have been the order of na- 
ture during the past. 

So far as the potent effects of prolonged de- 
nudation permit us to judge, the latest moun- 
tain-upheavals were at least as stupend- 
ous as any of older date whereof the basal 
relics can yet be detected. They seem, in- 
deed, to have been still more gigantic than 
those. It may be doubted, for example, 
whether among the vestiges that remain of 
Mesozoic or Paleozoic mountain-chains any 
instance can be found so colossal as those of 
Tertiary times, such as the Alps. No vol- 
canic eruptions of the older geological pe- 
riods can compare in extent or volume with 
those of Tertiary and recent date. The 
plication and dislocation of the terrestrial 
crust are proportionately as conspicuously 
displayed among the younger as among the 
older formations, though the latter, from 
their greater antiquity, have suffered dur- 
ing a longer time from the renewed disturb- 
ances of successive periods. 

As regards evidence of greater violence 
in the surrounding envelopes of atmosphere 
and ocean, we seek for it in vain among the 
stratified rocks. Among the very oldest 
formations of these islands, the Torridon 
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sandstone of North-West Scotland presents. 
us with a picture of long-continued sedi- 

mentation, such as may be seen in pro- 

gress now round the shores of many a 

mountain-girdled lake. In that venerable 

deposit, the enclosed pebbles are not mere 
angular blocks and chips, swept by a sud- 

den flood or destructive tide from off the 

surface of the land, and huddled together 

in confused heaps over the floor of the sea. 

They have been rounded and polished by — 
the quiet operation of running water, as 

stones are rounded and polished now in the 
channels of brooks or on the shores of lake 

and sea. They have been laid gently down 

above each other, layer over layer, with fine 

sand sifted in between them, and this de- 

position has taken place along shores which, 

though the waters that washed them have 

long since disappeared, can still be followed 

for mile after mile across the mountains and 

glens of the North-West Highlands. So 

tranquil were these waters that their gentle 

currents and oscillations sufficed to ripple 

the sandy floor, to arrange the sediment in 

lamin of current-bedding, and to separate 

the grains of sand according to their rela- 

tive densities. We may even now trace the 

results of these operations in thin darker 

layers and streaks of magnetic iron, zircon, 

and other heavy minerals, which have been 

sorted out from the lighter quartz-grains, as. 
layers of iron-sand may be seen sifted to- 

gether by the tide along the upper margins 
of many of our sandy beaches at the present. 
day. 

In the same ancient formation there 
occur also various intercalations of fine 
muddy sediment, so regular in their thin 
alternations, and so like those of younger 
formations, that we cannot but hope and 
expect that they may eventually yield re- 
mains of organisms which, if found, would 
be the earliest traces of life in Europe. 

It is thus abundantly manifest that even 
in the most ancient of the sedimentary reg- 
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isters of the earth’s history, not only is 
there no evidence of colossal floods, tides 
and denudation, but there is incontrover- 
tible proof of continuous orderly deposition, 
such as may be witnessed to-day in any 
quarter of the globe. The same tale, with 
endless additional details, is told all through 
the stratified formations down to those 
which are in the course of accumulation at 
the present day. 

Not less important than the stratigraph- 
ical is the paleontological evidence in favor 
of the general quietude of the geological 
processes in the past. The conclusions 
drawn from the nature and arrangement of 
the sediments are corroborated and much 
extended by the structure and manner of 
entombment of the enclosed organic re- 
mains. From the time of the very earliest 
fossiliferous formations there is nothing to 
show that either plants or animals have had 
to contend with physical conditions of en- 
vironment different, on the whole, from 
those in which their successors now live. 
The oldest trees, so far as regards their 
outer form and internal structure, betoken 
an atmosphere neither more tempestuous 
nor obviously more impure than that of to- 
day. The earliest corals, sponges, crusta- 
ceans, mollusks, and arachnids were not 
more stoutly constructed than those of later 
times, and are found grouped together 
among the rocks as they lived and died, 
with no apparent indication that any vio- 
lent commotion of the elements tried their 
strength when living or swept away their 
remains when dead. 

But, undoubtedly, most impressive of all 
the paleontological data is the testimony 
borne by the grand succession of organic re- 
mains among the stratified rocks as to the 
vast duration of time required for their evo- 
lution. Professor Poulton has treated this 
branch of the subject with great fullness and 
ability. We do not know the present aver- 
age rates of organic variation, but all the 
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available evidence goes to indicate their 
extreme slowness. They may conceivably 
have been more rapid in the past, or they 
may have been liable to fluctuations accord- 
ing to vicissitudes of environment.* But 
those who assert that the rate of biological 
evolution ever differed materially from what 
it may now be inferred to be, ought surely 
to bring forward something more than mere 
assertion in their support. In the mean- 
time, the most philosophical course is un- 
doubtedly followed by those biologists who 
in this matter rest their belief on their own 
experience among recent and fossil organ- 
isms. 

So cogent do these geological and paleon- 
tological arguments appear, to those at 
at least who have taken the trouble to 
master them, that they are worthy of being 
employed, not in defence merely, but in 
attack. It seems to me that they may be 
used with effect in assailing the stronghold 
of speculation and assumption in which our 
physical friends have ensconced themselves 
and from which, with their feet, as they 
believe, planted well within the interior of 
the globe and their heads in the heart of 
the sun, they view with complete uncon- 
cern the efforts made by those who en- 
deavor to gather the truth from the surface 
and crust of the earth. That portion of the 
records of terrestrial history which lies open 
to our investigation has been diligently 
studied in all parts of the world. A vast 
body of facts has been gathered together 
from this extended and combined research. 
The chronicle registered in the earth’s 
crust, though not complete, is legible and 
consistent. From the latest to the earliest 
of its chapters the story is capable of clear 


*See an interesting and suggestive paper by Pro- 
fessor Le Conte on ‘ Critical Periods in the History of 
the Earth,’ Bull. Dept. Geology, University of Califor- 
nia, Vol. I. (1895), p. 313; also one by Professor 
Chamberlin on ‘The Ulterior Basis of Time-divisions 
and the Classification of Geological History,’ Journal 
of Geology, Vol. VI. (1898), p. 449. 
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and harmonious interpretation by a com- 
parison of its pages with the present condi- 
tion of things. We know infinitely more 
of the history of this earth than we do of 
the history of the sun. Are we then to be 
told that this knowledge, so patiently accu- 
mulated from innumerable observations and 
so laboriously coordinated and classified, is 
to be held of none account in comparison 
with the conclusions of physical science in 
regard to the history of the central luminary 
of our system? These conclusions are 
founded on assumptions which may or may 
not correspond with the truth. They have 
already undergone revision, and they may be 
still further modified as our slender knowl- 
edge of the sun, and of the details of ifs his- 
tory, is increased by future investigation. 
In the meantime, we decline to accept them 
as a final pronouncement of science on the 
subject. -We place over against them the 
evidence of geology and paleontology, and 
affirm that unless the deductions we draw 
from that evidence can be disproved, we are 
entitled to maintain them as entirely borne 
out by the testimony of the rocks. 

Until, therefore, it can be shown that 
geologists and paleontologists have misin- 
terpreted their records, they are surely well 
within their logical rights in claiming as 
much time for the history of this earth as 
the vast body of evidence accumulated by 
them demands. So far as I have been able 
to form an opinion, one hundred millions of 
years would suffice for that portion of the 
history which is registered in the stratified 
rocks of the crust. But if the paleontol- 
ogists find such a period too narrow for 
their requirements, I can see no reason on 
the geological side why they should not be 
at liberty to enlarge it as far as they may 
find to be needful for the evolution of or- 
ganized existence on the globe. As I have 
already remarked, it is not the length of 
time which interests us so much as the de- 
termination of the relative chronology of 
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the events which were transacted within 
that time. As to the general succession of 
these events, there can be no dispute. We 
have traced its stages from the bottom of 
the oldest rocks up to the surface of the 
present continents and the floor of the pres- 
ent seas. We know that these stages have 
followed each other in orderly advance, and 
that geological time, whatever limits may 
be assigned to it, has sufficed for the pas- 
sage of the long stately procession. 

We, may, therefore, well leave the dis- 
pute about the age of the earth to the de- 
cision of the future. In so doing, however, 
I should be glad if we could carry away 
from it something of greater service to 
science than the consciousness of having 
striven our best in a barren controversy, 
wherein concession has all to be on one side 
and the selection of arguments entirely on 
the other. During these years of prolonged 
debate I have often been painfully conscious 
that in this subject, as in so many others 
throughout the geological domain, the want 
of accurate numerical data is a serious hin- 
drance to the progress of our science, 
Heartily do I acknowledge that much has 
been done in the way of measurements and 
experiments for the purpose of providing 
a foundation for estimates and deductions. 
But infinitely more remains to be accom- 
plished. The field of investigation is al- 
most boundless, for there is hardly a de- 
partment of geological dynamics over which 
it does not extend. The range of experi- 
mental geology must be widely enlarged, 
until every process susceptible of illustra- 
tion or measurement by artificial means has 
been investigated. Field-observation needs 
to be supplemented where possible by in- 
strumental determinations, so as to be made 
more precise and accurate, and more cap- 
able of furnishing reliable numerical statis- 
tics for practical as well as theoretical de- 
ductions. 

The subject is too vast for adequate 
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treatment here. But let me illustrate my 
meaning by selecting a few instances where 
the adoption of these more rigid methods of 
inquiry might powerfully assist us in deal- 
ing with the rates of geological processes 
and the value of geological time. Take, for 
example, the wide range of lines of investi- 
gation embraced under the head of denuda- 
tion. So voluminous a series of observa- 
tions has been made in this subject, and so 
ample is the literature devoted to it, that 
no department of geology, it might be 
thought, has been more abundantly and 
successfully explored. Yet if we look 
through the pile of memoirs, articles and 
books, we cannot but be struck with the 
predominant vagueness of their statements, 
and with the general absence of such numer- 
ical data determined by accurate, systematic 
and prolonged measurement as would alone 
furnish a satisfactory basis for computations 
of the rate at which denudation takes 
place. Some instrumental observations of 
the greatest value have indeed been made, 
but, for the most part, observations of this 
kind have been too meagre and desultory. 

A little consideration will show that in 
all branches of the investigation of denuda- 
tion opportunities present themselves on 
every side of testing, by accurate instru- 
mental observation and measurement, the 
rate at which some of the most universal 
processes in the geological régime of our 
globe are carried on. 

It has long been a commonplace of geology 
that the amount of the material removed in 
suspension and solution by rivers, furnishes 
a clue to the rate of denudation of the 
regions drained by the rivers. But how 
unequal in value, and generally how in- 
sufficient in precision, are the observations 
-on this topic! <A few rivers have been more 
or less systematically examined, some widely 
varying results have been obtained from the 
observations, and while enough has been 
obtained to show the interest and impor- 


SCIENCE. 


(N.S. Von. X. No. 250. 


tance of the method of research, no adequate 
supply of materials has been gathered for 
the purposes of accurate deduction and gen- 
eralization. What we need is a carefully 
organized series of observations carried out 
on a uniform plan, over a sufficient number 
of years, not for one river only, but for all 
the important rivers of a country, and in- 
deed for all the greater rivers of each con- 
tinent. We ought to know as accurately as 
possible the extent of the drainage-area of 
each river, the relations of river-discharge 
to rainfall and to other meteorological as 
well as topographical conditions ; the varia- 
tion in the proportions of mechanical and 
chemical impurities in the river-water ac- 
cording to geological formations, form of 
the ground, season of the year and climate. 
The whole geological régime of each river 
should be thoroughly studied. The admi- 
rable report of Messrs. Humphreys and 
Abbot on the ‘ Physics and Hydraulics of 
the Mississippi,’ published in 1861, might 
well serve as a model for imitation, though 
these observers necessarily occupied them- 
selves with some questions which are not 
specially geological and did not enter into 
others on which, as geologists, we should 
now gladly have further information. 

Again, the action of glaciers has still less 
been subjected to prolonged and systematic 
observation. The few data already obtained 
are so vague that we may be said to be still 
entirely ignorant of the rate at which 
glaciers are wearing down their channels 
and contributing to the denudation of the 
land. 

The whole of this inquiry is eminently 
suitable for combined research. Each stream 
or glacier, or each well-marked section of 
one, might become the special inquiry of a 
single observer, who would soon develop a 
paternal interest in his valley and vie with 
his colleagues of other valleys in the fullness 
and accuracy of his records. 

Nor is our information respecting the op- 
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erations of the sea much more precise. Even 
in an island like Great Britain, where the 
waves and tides effect so much change within 
the space of a human life-time, the estimates 


of the rate of advance or retreat of the shore-_ 


line are based for the most part on no accu- 
rate determinations. It is satisfactory to 
be able to announce that the Council of this 
Association has formed a Committee for the 
purpose of obtaining full and accurate in- 
formation regarding alterations of our 
coasts, and that with the sanction of the 
Lords of the Admiralty, the cooperation of 
the Coast-guard throughout the three king- 
doms has been secured. We may, therefore, 
hope to be eventually in possession of trust- 
worthy statistics on this interesting subject. 

The disintegration of the surface of the 
land by the combined agency of the sub- 
aérial forees of decay is a problem which 
has been much studied, but in regard to 
whose varying rates of advance not much 
has been definitely ascertained. The me- 
teorological conditions under which it takes 
place differ materially according to latitude 
and climate, and doubtless its progress is 
equally variable. An obvious and useful 
source of information in regard to atmos- 
pherie denudations is to be found in the 
decay of the material of buildings of which 
the time of erection is known, and in dated 
tombstones. Twenty years ago I called at- 
tention to the rate at which marble gives 
way in such a moist climate as ours, and 
cited the effects of subaérial waste as these 
can be measured on the monuments of our 
graveyards and cemeteries.* I would urge 
upon town-geologists, and those in the 
country who have no opportunities of ven- 
turing far afield, that they may do good ser- 
vice by careful scrutiny of ancient buildings 
and monuments. In the churchyards they 
will find much to occupy and interest them, 
not, however, like Old Mortality, in repair- 
ing the tombstones, but in tracing the 

* Proc. Roy. Soc. Edin., Vol. X. (1879-80), p. 518. 
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ravages of the weather upon them, and in 
obtaining definite measures of the rate of 
their decay. 

The conditions under which subaérial dis- 
integration is effected in arid climates, and 
the rate of its advance, are still less known, 
seeing that most of our information is de- 
rived from the chance observations of pass- 
ing travelers. Yet this branch of the sub- 
ject is not without importance in relation to 
the denudation, not only of the existing ter- 
restrial surface, but of the lands of former 
periods, for there is evidence of more than 
one arid epoch in geological history. Here, 
again, a diligent examination of ancient 
buildings and monuments might afford 
some, at least, of the required data. In 
such a country as Egypt, for instance, it 
might eventually be possible to determine 
from a large series of observations what has 
been the average rate of surface-disintegra- 
tion of the various kinds of stone employed 
in human constructions that have been 
freely exposed to the air for several thou- 
sand years. 

Closely linked with the question of denu- 
dation is that of the deposition of the mate- 
rial worn away from the surface of the land. 
The total amount of sediment laid down 
must equal the amount of material ab- 
stracted, save in so far as the soluble por- 
tions of that material are retained in solu- 
tion in the sea. But we have still much to 
learn as to the conditions, and especially as 
to the rate, of sedimentation. Nor does 
there appear to be much hope of any con- 
siderable increase to our knowledge until 
the subject is taken up in earnest as one de- 
manding and justifying a prolonged series 
of well-planned and carefully executed ob- 
servations. We have yet to discover the 
different rates of deposit, under the varying 
conditions in which it is carried on in lakes, 
estuaries, and the sea. What, for instance, 
would be a fair average for the rate at which 
the lakes of each country of Europe are now 
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being silted up? If this rate were ascer- 
tained, and if the amount of material 
already deposited in these basins were de- 
termined, we should be in possession of data 
for estimating not only the probable time 
when the lakes will disappear, but also the 
approximate date at which they came into 
existence, 

But it is not merely in regard to epigene 
changes that further more extended and 
concerted observation is needed. Even 
among subterranean movements there are 
some which might be watched and recorded 
with far more care and continuity than have 
ever been attempted. The researches of 
Professor George Darwin and others have 
shown how constant are the tremors, minute 
but measurable, to which the crust of the 
earth is subject.* Do these phenomena in- 
dicate displacements of the crust, and, if so, 
what in the lapse of a century is their cu- 
mulative effect on the surface of the land? 

More momentous in their consequences 
are the disturbances which traverse moun- 
tain-chains and find their most violent ex- 
pression in shocks of earthquake. The 
effects of such shocks have been studied and 
recorded in many parts of the world, but their 
cause is still little understood. Arve the dis- 
turbances due to a continuation of the same 
operation which at first gave birth to the 
mountains? Should they be regarded as 
symptoms of growth or of collapse? Are 
they accompanied with even the slightest 
amount of elevation or depression? We 
cannot tell. But these questions are proba- 
bly susceptible of some more or less definite 
answer. It might be possible, for instance, to 
determine with extreme precision the heights 
above a given datum of various fixed points 
along such a chain as the Alps, and by a 
series of minutely accurate measurements 
to detect any upward or downward devia- 
tion from these heights. It is quite con- 
«eivable that throughout the whole his- 


* Report Brit. Assoc., 1882, p. 95. 
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torical period some deviation of this kind 
has been going on, though so slowly, or by 
such slight increments at each period of re- 
newal, as to escape ordinary observation. 
We might thus learn whether, after an 
Alpine earthquake, an appreciable differ- 
ence of level is anywhere discoverable, 
whether the Alps as a great mountain-chain 
are still growing or are now subsiding, and 
we might be able to ascertain the rate of the 
movement. Although changes of this na- 
ture may have been too slight during human 
experience to be ordinarily appreciable, their 
very insignificance seems to me to supply a 
strong reason why they should be sought 
for and carefully measured. They would 
not tell us, indeed, whether a mountain- 
chain was called into being in one gigantic 
convulsion, or was raised at wide intervals 
by successive uplifts, or was slowly elevated 
by one prolonged and continuous move- 
ment. But they might furnish us with 
suggestive information as to the rate at 
which upheaval or depression of the terres- 
trial crust is now going on. 

The vexed questions of the origin of 
Raised Beaches and Sunk Forests might in 
like manner be elucidated by well-devised 
measurements. It is astonishing upon 
what loose and unreliable evidence the ele- 
vation or depression of coast-lines has often 
been asserted. On shores where proofs of a 
change of level are observable it would not 
be difficult to establish by accurate observa- 
tion whether any such movements are tak- 
ing place now, and, if they are, to deter- 
mine their rate. The old attempts of this 
kind along the coasts of Scandinavia might 
be resumed with far more precision and on 
a much more extended scale. Methods of 
instrumental research have been vastly im- 
proved since the days of Celsius and Lin- 
naeus. Mere eye-observations would not 
supply sufficiently accurate results. When 
the datum-line has been determined with 
rigorous accuracy, the minutest changes of 
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level, such as would be wholly inappreci- 
able to the senses, might be detected and 
recorded. If such a system of watch were 
maintained along coasts where there is rea- 
son to believe that some rise or fall of land 
is taking place, it would be possible to fol- 
low the progress of the movement and to 
determine its rate. 

But I must not dwell longer on examples 
of the advantages which geology would gain 
from a far more general and systematic 
adoption of methods of experiment and 
measurement in elucidation of the problems 
of the science. I have referred to a few of 
those which have a more special bearing on 
the question of geological time, but it is 
obvious that the same methods might be 
extended into almost every branch of geo- 
logical dynamics. While we gladly and 
gratefully recognize the large amount of ad- 
mirable work that has already been done 
by the adoption of these practical methods, 
from the time of Hall, the founder of ex- 
perimental geology, down to our own day, 
we cannot but feel that our very apprecia- 
tion of the gain which the science has thus 
derived, increases the desire to see the prac- 
tice still further multiplied and extended. 
I am confident that it is in this direction, 
more than in any other, that the next great 
advances of geology are to be anticipated. 

While much may be done by individual 
students, it is less to their single efforts than 
to the combined investigations of many fel- 
low-workers, that I look most hopefully for 
the accumulation of data towards the de- 
termination of the present rate of geological 
changes. I would, therefore, commend this 
subject to the geologists of this and other 
countries as one in which individual, na- 
tional, and international codperation might 
well be enlisted. We already possess an 
institution which seems well adapted to un- 
dertake and control an enterprise of the 
kind suggested. The International Geolog- 
ical Congress, which brings together our as- 
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sociates from all parts of the globe, would 
confer a lasting benefit on the science, if it 
could organize a system of combined obser- 
vation in any single one of the departments 
of inquiry which I have indicated, or in any 
other which might be selected. We need 
not at first be too ambitious. ‘The simplest, 
easiest, and least costly series of observa- 
tions might be chosen for a beginning. The 
work might be distributed among the differ- 
ent countries represented in the Congress. 
Each nation would be entirely free in its 
selection of subjects for investigation, and 
would have the stimulus of cooperation 
with other nations in its work. The Con- 
gress will hold its triennial gathering next 
year in Paris, and if such an organization 
of research as I have suggested could then 
be inaugurated, a great impetus would 
thereby be given to geological research, and 
France, again become the birthplace of an- 
other scientific movement, would acquire a 
fresh claim to the admiration and gratitude 
of geologists in every part of the globe. 
ARCHIBALD GEIKIE, 


RESEARCHES IN PRACTICE AND HABIT. 

Tue object of this investigation was to 
ascertain the results of practice in volun- 
tary movements, repeating the same move- 
ments an equal number of times each day 
until approximately the highest degree of 
perfection attainable was reached. 

1. Triangular movement of the arm.—The first 
experiment consisted in tapping continu- 
ously at the corners of an equilateral 
triangle whose sides measured 20°. The 
tests each day lasted only a short time; 
they were performed from 6 to 11 days by 
seven persons. 

The results of the experiment showed 
that the greatest gains in rapidity of triang- 
ular movements of the hand as well as in 
the regularity of successive movements 
were made in the early part of the practice. 
The percentage of gain in speed rapidly de- 
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creased, being 20% for the second day, 10% 
for the fifth, and 5% for the ninth day. 
The probable error was used as a measure 
of irregularity. The percentage of decrease 
in irregularity of successive movements was 
not so large in the first part of practice as 
the percentage of gain in speed; but after 
the fourth day the percentage of the de- 
crease had grown until it exceeded the per- 
centage of increase in rapidity, thus demon- 
strating that the psychological order of 
development in voluntary movement is (1) 
rapidity, and (2) regularity. 

The results also showed that during each 
practice period the subject constantly in- 
creased in speed and regularity of move- 
ment until the setting in of fatigue. How- 
ever, when the exercise was continued 
after a short interval there was a renewal 
of the effort and the same results were 
observed to occur, though the period was 
much shorter than in the former case. 
These periods of renewal of energy were ob- 
served to become shorter each time until 
they came to affect almost every alternate 
movement. 

II. Drawing circles.— This experiment con- 
sisted in making circles with the free-arm 
movement. A true circle, drawn with a 
compass, 60™” in diameter was placed be- 
fore the subject as a copy. Preliminary 
tests showed that ten circles at one sitting 
gave the best general results. The tests 
were made on seven subjects, extending 
over six days. 

The results showed that with the right 
hand most of the subjects gained in smooth- 
ness of contour in their drawings, both 
during the progress of each practice and 
from day to day; with the left hand the re- 
sults were more irregular, 

Though all gained in the smoothness of 
contour of their curves, yet all did not make 
them of a size corresponding to that of the 
copy. These results brought out three 
types of practice: (1) That in which the 
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subject decreased the size of the circle, both 
during the progress of each experiment and 
from day to day; (2) that in which the 
size of the circle was increased during the 
experiment, but decreased from day to day ; 
(3) that in which there was but little varia- 
tion from the copy either during the 
progress of the experiment or from day to 
day. The first two classes were those who 
regarded more carefully the smoothness of 
contour of their own drawn curves than 
they did their correspondence in size to that 
of the copy. The third class were those 
who directed their attention more especially 
to the size of the curve and who closely ob- 
served the copy each time before beginning 
to draw their own curves. 

The results also showed an important 
principle bearing on pedagogy—that a short 
exercise often repeated is the best method 
of practice for rapid development of accurate 
adjustment of the muscles. Long praetice 
at writing, drawing, etc., seems to be time 
and energy wasted. Not only are inatten- 
tive habits cultivated, but every wrong ad- 
justment gains a place in the chain of 
subconscious memories, and, therefore, de- 
lays the development of the control over 
the muscles for accurate adjustments. 

III. Development of central and untrained 
muscles and less adapted joints.—This experi- 
ment consisted in tapping continuously 
with the large toe until it was completely 
fatigued. The make and break contacts of 
an electric key were connected with mark- 
ers so that each movement of the key was. 
recorded on the smoked surface of a revolvy- 
ing drum. In this way each phase of the 
toe’s movement could be measured; the 
phases were four, namely, the downward 
movement, the downward rest, the upward 
movement and the upward rest. 

The average tap-time of the subject. 
studied was on the first day 4367; this very 
regularly decreased until at the close of the: 
practice it was 212%. Likewise, the prob- 
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able error decreased from 103° to 357. 
Moreover, the upward rest was longer in 
the first part of the practice than the other 
three phases combined; but at the close of 
the series it was the same as the downward 
rest, thus showing that the greatest gains 
in voluntary activity are those resulting 
from the practice of the weakest and less 
exercised muscles. 

IV. Estimation of time.—After a number of 
preliminary tests the intervals, 82 ~, 100 ~¥ 
and 164 ¥ were chosen. The practice lasted 
from 8 to 16 days, on seven subjects. 

The results justify the following con- 
clusions: (1) The estimate of a given in- 
terval varies for different individuals both 
with and without practice. (2) Practice 
on the same interval may cause the varia- 
tion from the given interval to increase 
with one person and decrease with another. 
(3) Time-estimate is a personal factor de- 
pending upon (a) the nature of the person, 
whether of an impulsive or quiet tempera- 
ment, and (4) upon the point of the fixa- 
tion of the attention, whether to the sen- 
sory or the motor side. (4) There is no 
indifference ‘ point’ from which the subject 
does not vary with long continued practice. 
The changes that practice produces in the 
estimation of time are probably due to fix- 
ing the attention on the movement to be 
performed, in which case the estimate is 
shortened in accordance with the growth of 
automatic control, or to the sensory side, in 
which case the time-estimate is made longer 
by practice. 

V. Regulated rhythmical action—In ar- 
ranging apparatus for this experiment the 
probable error was found for the Epison 
phonograph to range from 0.2% to 0.7%; 
for the Lupwie kymograph by BALrzar, 
from 0.2% to 2.0%; for a drum run by an 
Epison motor driven by carefully tended 
Epison-LALANDE batteries, from 0.1% to 
0.3%. The Prem marker was found at a 
break of the circuit to have a latent time 
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ranging from 1.1 + 0.097 with the magnet 
cores distant from the armature to 14.77 
+0.03° with the cores close to the armature. 
At a make the latent time ranged from 1.87 
+0.1% to 1.3% + 0.5%. With this marker 
the make is nearly as good as the break 
except for its slightly greater irregularity. 
The Drrrez marker from Verpin showed 
a latent time at the break of 3.8% + 0.077 
and of 2.5% + 0.64" at the make. Changes 
in the adjusting spring did not make any 
great change in the figures. The probable 
error of the spark records was found to be 
+ 0,.25"" independent of the speed of the 
drum. 

In beating time in unison with a sounder- 
click each subject had his own constant 
error; this was generally negative; that 
is, the subjects generally beat time be- 
fore the click occurred. With practice the 
negative constant error tended steadily to 
decrease, to become positive and to increase 
positively. The irregularity steadily de- 
creased. 

VI. Free rythmical action.—The seven sub- 
jects were required to beat time without 
any objective signal. The interval chosen 
at the start was unintentionally shortened 
with the progress of the experiment; it was 
also shortened from day to day. The ir- 
regularity decreased in like manner. 

W. SmyTHeE Jonnson. 


PSYCHOLOGICAL LABORATORY, 
YALE UNIVERSITY, 
NEW HAVEN, CONN. 


NATHAN RUSSELL HARRINGTON. 

NATHAN R. Harrineron, of Cleveland, 
Ohio, died in the Sudan on July 26, 1899. 
He was acting for the second time as leader 
of the Senff Zoological Expedition, sent out 
under the direction of Columbia University, 
through the liberality of Mr. Charles H. 
Senff, of New York City. The party con- 
sisted of Mr. Harrington, Instructor in 
Biology in Western Reserve University ; 


¢ 


530 SCIENCE. 


Dr. Reid Hunt, of the Johns Hopkins Med- 
ical School, and Mr. F. B. Sumner, fellow 
in Columbia University. Their chief object 
was to procure the long coveted eggs and 
early stages in development of Polypterus 
bichir of the Nile and other African rivers, 
one of the most ancient and least modified 
types of living fishes, and one of the most 
interesting vertebrates whose development 
yet remains to be studied by modern zoolog- 
ical methods. 

Last year Mr. Harrington and Dr. Hunt 
explored Lake Menzaleh and several hun- 
dred miles of the river north of Damietta, 
spent two months at Mansourah, forty miles 
from the sea; made many observations on 
Polypterus alive, and brought home valu- 
able material illustrating the anatomy of 
this and other Nile fishes. They found, 
however, that eggs of Polypterus obtained 
as lateas August 30th, were still immature, 
and they were obliged to come away with- 
out getting the embryological stages sought 
for. 

Harrington returned from this expedition 
with a wider knowledge of the world, a 
greater circle of friends and a keener zeal to 
extend the bounds of zoology. Although 
he was just beginning bis career as a teacher 
and a great variety of work was pressing to 
be done, the Nile country was ever in his 
mind, and great was his satisfaction when 
he was again sent into the field. 

Letters to friends during the early weeks 
of summer showed that new obstacles 
had arisen which threatened to remove 
every chance of success. The fish were 
searce in the lower Nile and the region 
traversed by the upper Nile, where they 
were supposed to abound, was not yet open 
to travelers. After destroying the rule of 
the Mahdi, the English authorities were 
naturally reluctant to admit strangers to the 
newly recovered territory. Harrington’s 
earnestness and tact however prevailed, and 
the party was permitted to proceed to At- 
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bara, a small village and military post 1200 
miles north of Cairo by river. 

The circumstances of Harrington’s illness 
and death have been told in the letters of Dr. 
Hunt, and from them we are permitted to 
narrate the following facts. Early in July 
Harrington went up the Atbara river with 
a member of his party and spent a night in 
the desert, where they were overtaken by a 
dust storm. A slight indisposition follow- 
ing this exposure finally led to an attack of 
Nile fever which ended fatally in spite of 
the devoted energies of his friends and Dr. 
Nickerson, the British Surgeon of the Post. 
He was borne to the grave by British 
soldiers attended by their officers, amid the 
strains of martial music, and was laid to 
rest in the little cemetery on the edge of 
the desert near the grave of Mr. Cross, the 
late war correspondent in the Sudan cam- 
paign. 

The death of this young man calls to 
mind another young American zoologist of 
great promise, Adam T. Bruce, whose death 
also occurred in Egypt, twelve years ago. 
As with Bruce, Harrington's scientific and 
academic career had just begun. Though 
born in Massachusetts—in Somerville, De- 
cember 22, 1870, the son of John and 
Emma Harrington—he was virtually a 
Cleveland boy, and was graduated from the 
West High School in 1889. He received 
the degree of Bachelor of Arts in 1893 and 
later that of Master of Arts from Williams 
College. The years 1893-1898 were passed 
at Columbia University, with the exception 
of a year as assistant in the laboratory at 
Williamstown, in the capacity of graduate 
student, assistant and fellow. During this 
interval his summers were spent in study 
at Woods Hole, and as a member of the 
Zoological Expeditions sent out by Colum- 
bia University, to Puget Sound and Alaska. 
These were followed by the Senff Expedi- 
tions to Africa in 1898-1899, as already re- 
corded. In 1898 he was appointed Instruc- 
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tor in the College for Women, Western 
Reserve University. 

Harrington’s most elaborate paper on ‘The 
Calciferous Glands of the Earthworm, with 
Appendix on the Circulation ’ was in press at 
the time of his death, and had been accepted 
asa thesis for the degree of Doctor in Philos- 
ophy, which he had hoped soon to receive 
from Columbia University. An important 
paper on Amoeba and its reaction to the 
stimulus of light waves of different inten- 
sities, written in collaboration with Mr. 
Leaming, was published during the past 
summer. The following briefer articles 
testify to his energy and enthusiasm as a 
field naturalist; ‘Observations on. the 
Plankton of Puget Sound’ with the col- 
laboration of his ever devoted friend, the 
late Professor Peck ; ‘ Notes on the distri- 
bution and habits of some Puget Sound 
Invertebrates,’ and on ‘ Nereids commen- 
sal with Hermit Crabs.’ 

All who knew Harrington will agree 
that his character, courage and earnestness 
in the pursuit of knowledge, which led to 
the sacrifice of his life are well worthy of 
permanent record. His sympathetic and 
generous mind, his capacity for friendship, 
his industry and zeal are endowments 
which any young man would be fortunate 
to possess. He has left an honorable name 
in zoology, more lasting than the simple 
cross which now casts its shadow on his 


grave. 


SCIENTIFIC BOOKS. 

The University Geological Survey of Kansas. 
Special report of coal. By Erasmus Ha- 
WORTH, assisted by W. R. CRANE, Vol. IIL, 
Topeka. J. S. Parks, State Printer. 1898. 
347 pp. 70 pl. 55 Figs. 

Part I. of this volume, by Professor Haworth, 
is a general description of the Kansas Coal 
Measures, which the author divides into Upper 
and Lower, embracing seven formations with 
twenty-five subordinate divisions. Some of the 
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latter will be subdivided in turn when further 
studies have been made. The total thickness. 
is not far from 3,000 feet. 

The Lower Coal Measures include the Chero- 
kee and Marmaton formations, The Cherokee, 
400 to 500 feet thick, consists mostly of shales 
but contains some irregular limestones and some 
sandstone beds of economic interest. The coab 
beds are important, being those mined at Pitts- 
burg, Fort Scott and Columbus, and are avyail- 
able in an area of about 12,000 square miles. 
The Cherokee covers a wide space in Indian 
Territory, extends into Iowa to form part of 
the Des Moines formation, and Professor Ha- 
worth is inclined to think that the important 
coal fields of Arkansas may belong to the same 
horizon. 

The Marmaton consists of alternating lime- 
stones and shales. The lower and middle lime- 
stones, Oswego and Pawnee, are persistent, but 
the intervening Labette shales are irregular in 
distribution. The upper limestone, the Alta- 
ment, is thin and not persistent, so that the 
Pleasanton shales, divided at some localities by 
the limestone, are unbroken over a large’ area. 
The lower division of the Oswego limestone is- 
the well-known Fort Scott cement rock A 
few coal beds occur in the Marmaton, but thus 
far they seem to be unimportant. 

The remaining five formations belong to the 
Upper Coal Measures as grouped by Professor 
Haworth. 

The Pottawatomie consists of three lime- 
stones, Erie, iola and Garnett, separated by 
the Thayer and Lane shales. The Erie lime- 
stones, having a maximum thickness of 225 
feet, are usually triple with intervening shales, 
which thicken southwardly at the expense of 
the limestones until the latter become insignifi- 
cant. The upper limestone is cherty and alb 
are very fossiliferous, The Thayer shales have 
an extreme thickness of 200 feet but thin north- 
ward, so that the Iola limestone, which thickens 
in that direction to 200 feet, is at length prac- 
tically continuous with the upper Erie. The 
Lane shales and Garnett limestones are some- 
what irregular in their variations, but the lat- 
ter, owing to erosion of the overlying shales, is 
exposed over a great area. This formation 
contains no coal of economic importance. 
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The Douglas begins with the Lawrence shales, 
varying from 300 to 800 feet, the greater thick- 
ness being at the south. In this direction it 
becomes largely sandstone, for a well south 
from the Neosho river showed 670 feet of sand- 
stone in a total thickness of about 800 feet. 
Some useful coal beds are in these shales but 
they exhibit great variations. The Oread lime- 
stones in two beds, each 8 to 20 feet thick, are 
the upper member of the Douglas formation. 

The higher formations, Shawnee, Wabaunsee 
and Cottonwood, consist of sandstones, shales 
and limestones, to many of which specific 
designations have been assigned, but all alike 
appear to be irregular in thickness and dis- 
tribution. Generally speaking, the shales are 
thin in the southern portion of the State and 
there the limestones have not been followed out 
satisfactorily ; but, northward, the shales are 
thicker and the relations of the limestones are 
clearer. Fossils are abundant in the limestones 
to the top of the Shawnee. The Osage shales 
at the top of the Shawnee contain the im- 
portant coal beds mined at Osage City, Peter- 
ton, Scranton and Carbon ; but coal appears to 
be absent from the Wabaunsee and Cottonwood. 

This part of the volume ends with a chapter 
explaining the nomenclature employed, and 
showing, as far as possible, the relations of the 
Kansas formations to those in adjacent states. 
One is tempted here to discuss the general sub- 
ject of nomenclature with especial reference to 
the present craze for manufacture of new terms, 
but the temptation must be resisted, for the 
topic is too important and too attractive to be 
treated incidentally within the limits of a book 
notice. One may say, however, that unless 
some check is placed upon indulgence in this 
practice, a volume half as large as an unabridged 
dictionary will hardly suffice for definition of 
synonyms half a century hence. If geologists 
in charge of extensive areas would make a gen- 
eral reconnaissance before beginning detailed 
work, and if the geologists of adjoining states 
would work up in company the areas along 
boundary lines, someagreement might be reached 
respecting names. Certainly something ought 
to be done to stop the process of making inde- 
pendent classifications for petty areas and the 
application of different names to a single bed of 
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coal, limestone or sandstone. This, of course, 
would lessen the amount of apparently original 
matter in new reports, but it would lessen to a 
wonderful degree the labor of those who have 
to use reports of several states or areas during 
studies in comparative geology. Professor Ha- 
worth’s chapter, which is responsible for this di- 
gression, is useful, as it gives some understand- 
ing of the already annoying synonymy in some of 
the western states. Respecting some essential 
points in this chapter, relating to differences 
between his grouping and that of other investi- 
gators, the writer can have no opinion at pres- 
ent; he is too far away from the scene of strife. 

The second part of the volume, by Mr. W. 
R. Crane deals with the economic side of the 
Coal Measures. It gives a detailed description 
of the beds now mined, belonging to the Chero- 
kee and Osage shales. Little work has been 
done on beds in the intervening formations, but 
Mr. Crane evidently believes that some of those 
will be utilized. He gives a careful review of 
the chemical and physical properties of the 
Kansas coals, based on analyses and prolonged 
experiment. The coals show a decrease in 
fixed carbon in passing from south to north, as 
well as from east to west, with a decrease in 
calorific power. Mr. Crane suggests that this 
change is due to the facts that the beds at the 
south and east are older than the others, and 
that they have been subjected to orographic 
action while the others have not. A chapter 
is given upon clay veins, which are thought to 
be due to earth tremors, by which the coal was 
fractured and the clay pressed into the cavity. 
The irregular sub-conical or bell-shaped protru- 
sions from the roof are explained as filled de- 
pressions. Some of these are interesting as 
they have a thin casing of anthracite coal. The 
coal output of the state has grown from 1,211,- 
057 tons in 1885, to 3,291,806 tons in 1897. 
Mr. Crane gives descriptions of methods of 
mining and drainage, as well as of machinery ; 
a directory of the mines in the state; and 
concludes his work with a summary of the 
mining laws of the state. 

The volume is illustrated elaborately and has 
an index of 11 pages, with double columns. 
It is a useful contribution to the advancement 
of the economic interests of Kansas, and is of a 


| 
\ 
~ 
| 
j 
~ 
é 
~ 
/ 
x 


OcTOBER 13, 1899.] 


type to justify fully the expenditure. Unfor- 
tunately it is disfigured by a great number of 
typographical errors, for most of which the 
authors are, clearly, not responsible. A reform 
in public printing offices is necessary, for, in 
too many cases, reports are a source of annoy- 
ance and confusion of face to those who prepare 


them. 
JOHN J. STEVENSON. 


Les matiéres colorantes azoiques. GEORGES F. 
JAUBERT. Docteur és Sciences, ancien 
Préparateur de Chimie a l'Ecole Polytech- 
nique. Petit in-8. (Encyclopédie scientifique 
des aide-mémoire. ) 

This litthe book appears as one of the vol- 
umes in the ‘Encyclopédie scientifique des 
aide-mémoire,’ now being published in Paris 
under the direction of M. Léauté, Member of 
the Institute. It is a sequel to a previous vol- 
ume in the collection, and by the same author, 
entitled ‘L’Industrie du goudron de houille.’ 

The subject matter is divided into the following 
chapters: 1. Nitro colors; 2. Azoxy colors; 3- 
Azo derivatives ; 4. Aminoazo colors ; 5. Oxyazo 
colors; 6. Azo colors dyeing upon mordants ; 7- 
Polyazo colors derived from monamines; 8. 
Polyazo colors derived from diamines. The chap- 
ters on the Nitro and Azoxy colors are inserted as 
introductory to the Azo colors. The few pages 
of text present are devoted toa brief statement 
of the most important general properties of the 
Nitro, Azoxy, and Azo dyes; while the body 
of the work is made up of a tabular classifi- 
cation of the more prominent Azo colors, under 
the following column headings: Scientific and 
trade name; method of preparation ; chemical 
formula, empiric and constitutional ; literature, 
patents, etc., properties, reactions, etc., indus- 
trial application. It will thus be seen that the 
classification is practically the same as that 
made familiar to all color chemists by the tables 
of Schultz and Julius, and also used by Hehne, 
Green, Seyewetz and Sisley, and others. The 
book is, however, of a much more convenient 
size than the work of Schultz and Julius, al- 
though its scope is more limited. The newer 
Tetrazo colors, which have played such a promi- 
nent part in the substantive dyeing of cotton, 
are very fully listed. Several typographical 
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errors will be found in the text and in the 
constitututional formulas. 

Dealing, as it does, with the most numerous. 
and the most important group of all artificial 
dyestuffs, the Azo Colors, this succint classifi- 
cation should prove most useful both to the 


student and to the manufacturer. 


A Century of Vaccination and What it Teaches. 
By W.Scorr Tess. London, Swan, Sonner- 
schein & Co. 1899. Second Edition. 

In this book of 403 pages, Dr. Tebb presents. 
at considerable length the usual anti-vaccina- 
tion arguments, directing them by English ex- 
amples especially to an English audience, and 
attacks the compulsory vaccination common in 
England before the law of 1898. Much of the 
space in the book is taken up with settled ques- 
tions or matters not directly concerned in the 
point at issue; for example thirty pages dis- 
cuss admittedly inconclusive experiments per- 
formed about 1800, thirty are spent on the un- 
sanitary conditions of England in the last. 
century, and of any place in war time, and 
twenty-six more give examples of small-pox oc- 
curring after vaccination and revaccination. 

Dr. Tebb’s reasoning is three-fold : First, that 
an attack of cow-pox does not secure immunity 
against small-pox because the latter disease 
sometimes follows the former; second, that. 
serious injuries are produced by vaccination, 
and third that even if immunity could be gained 
by vaccination, compulsion would be unjusti- 
fiable. Immunity from any disease is a clinica) 
fact not yet by any means fully understood ; 
and it is well known both that some persons 
variously estimated at from 1 to 2 per cent. are 
naturally immune to small-pox, just as there 
are some immune to almost every other infec- 
tious disease, and that small-pox sometimes oc- 
curs and even proves fatal after both vaccina- 
tion and revaccination and after a previous 
attack of small-pox. All now claimed is that 
successful vaccination confers against small-pox 
an almost absolute immunity for six months, 
and then further for an unknown and variable 
length of time a certain degree of immunity | 
which is greater than can be gained in any 
other way except, by taking the disease. The 
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author attacks the argument for vaccination 
founded on the diminution in the amount of 
small-pox during this century by pointing out 
that typhus fever without the help of vaccina- 
tion has also been much reduced in prevalence 
in the same time, and that both diseases are less 
frequent on account of better sanitary condi- 
tions. The comparison of typhus fever to 
small-pox, however, is deceptive first because 
as the clinical separation of typhus from typhoid 
fever became general only about the middle of 
this century, the reduction in typhus cannot be 
properly estimated, and second, because the im- 
provement in sanitation does not apply equally 
to both. Crowding in filthy and unventilated 
rooms is necessary for the development of 
‘camp,’ ‘jail’ or ‘ship’ fever, but small-pox 
for centuries went into the palace as well as 
intothe hovel. Thecircle of infection of typhus 
fever is small, that of small-pox is large. Dr. 
Tebb’s mode of reasoning is capitally illustrated 
by the following: ‘‘I have shown that a part 
of the decline of small-pox and especially that 
part which has taken place in children is not 
necessarily a saving of life, but only a shifting 
of the mortality on to some other disease such as 
measles or whooping cough.’’ According to 
this reasoning, as the children probably have to 
die any how from some disease, they may as 
well die from small-pox. 

The author devotes a chapter to the discus- 
sion of epidemics in various English towns, and 
points out that the epidemics occur in well 
vaccinated just as in poorly vaccinated places, 
and that they can be controlled without recourse 
to vaccination. To obtain all the facts about 
all the places mentioned would be a long task, 
but the vital facts about two of his examples, 
Leicester and Sheffield are well known. In 
unvaccinated Leicester, during the epidemic of 
1892-1893, there were 21 deaths, 19 in unvacci- 
nated and 2 in vaccinated persons over ten years 
old. In well vaccinated Sheffield in the epi- 
demic of 1887-1888, there were 68,000 vacci- 
nated children of whom 4 per cent. were attacked 
and 2,200 unvaccinated children of whom 10 
per cent. were attacked ; there were also about 
200,000 vaccinated persons over ten years of 
age of whom 2 per cent were attacked and 
about 3,500 unvaccinated persons of whom 9 
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per cent. were attacked. The above well 
illustrates the established fact that vaccination 
protects somewhat for years, but only absolu- 
tely for from 6 to 8 months. 

A long chapter which embodies the second 
argument is that devoted to vaccinal injuries. 
To clear the way for criticism of this it may be 
said that there is no dispute that injuries some- 
times follow vaccination, that skin eruptions are 
moderately frequent, and that all varieties of 
sepsis are possible when the wound is made or 
cared for in an unclean way or when infected 
virus is inserted. Thirty pages are, however, 
given up to proved and unproved cases of so- 
called vaccino-syphilis. The truth with regard 
to this infection is that invaccination of syphilis 
is possible when vaccination is done from arm 
to arm, probably impossible and certainly un- 
known when done with calf virus. Moreover 
in the 5} million primary vaccinations done 
during the session of the Royal Commission in 
England, 1889-96, there was nota single case 
proved, and every alleged case was investigated. 
Twenty-one pages give some account of the 
contradictory evidence relating to the invacci- 
nation of leprosy. If this invaccination is pos- 
sible when done from arm to arm, an assump- 
tion which has not been proved, yet it has at 
present no public importance in England or the 
United States. Tuberculosis and tetanus con- 
sume eight pages, yet there is no case on record 
in which tuberculosis was ever conveyed by vac- 
cination, and although there have been several 
cases where tetanus has been alleged to have fol- 
lowed vaccination, yet even granting that this 
is so, it simply enforces the rule that vaccination 
should be only performed in a cleanly way. 

The third argument of Dr. Tebb against com- 
pulsion may, now that compulsion no longer 
exists, be left as the expression of his individual 
opinion. 

For information relative to some of tre above 
questions, the writer wishes to thank Dr. J. H. 
Huddleston, who has charge of the vaccine 
laboratory of the New York City Health 
Department. W. H. Park. 

NEw YORK. 

GENERAL, 


THE U. 8. National Museum has just pub- 
lished a careful translation, by Mr. E. O. 
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Hovey, of Dr. Salvatore Lo Bianco’s detailed 
account of the methods employed at the Naples 
aquarium for preserving invertebrates, The 
many who have admired the beautiful speci- 
mens sent out from that institution will be glad 
to have this paper, although it is evident that 
the factor of patience must enter largely into 
most of the processes described. The article is 
prefaced by a brief account of the aquarium 
and its work. 

THE publication is announced by Archibald 
Constable & Co., of a Physical Atlas, prepared 
under the direction of Mr. J. G. Bartholo- 
mew, of the Edinburgh Geographical Institute. 
The work will be in seven volumes as follows: 
I. Geology ; II. Orography, Hydrography and 
Oceanography ; III. Meteorology ; IV Botany ; 
V. Zoology; VI. Ethnography and Demog- 
raphy; VII. General Cosmography and Ter- 
restrial Magnetism. The atlas of Berghaus 
will to a certain extent be used, but the plates 
will be larger in size and special attention will 
be paid to phenomena of interest to English 
and American students. The volume on 
meteorology is promised for the present year 
and the others are expected to follow in rapid 
succession. 

BOOKS RECEIVED. 

Slatisties and Economics, RICHMOND MAYo-SMITH. 
New York and London, The Macmillan Company. 
‘1899. Pp. xiii+467. $3.00. 

The Principles of Differential Diagnosis. FReEpD. J. 
SmitH. New York and London, The Macmillan 
Company. 1899. Pp. ix+353. $2.00. 

Résistance électrique et fluidité. GOURE DE VILLE- 


MONTEE. Paris, Gauthier-Villars. 1899. Pp. 
188. 3 fr. 

Exsais des huiles essenticlles, HENRI LABBE. Paris, 
Gauthier-Villars. 1899. Pp. 108. 

Le café culture—manipulation, production. HENRI 


LecoMTE. Paris, Georges Carré and C. Naud. 
1899. Pp. vi+-334. 5 fr. 


SCIENTIFIC JOURNALS AND ARTICLES. 

THE National Geographic Magazine for Octo- 
ber opens with an illustrated article on ‘ Life 
on a Yukon Trail,’ by Professor Arthur P. 
Dennis, of Northampton, Mass. Mr. Gifford 
Pinchot, the Forester of the U. 8. Department 
of Agriculture, in an illustrated paper, ‘ The 
Relation of Forests and Forest Fires,’ describes 
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the effect of forest fires as modifiers of the com- 
position and mode of life of the forest. A. J. 
Henry, Chief of the Division of Records, U. 8. 
Weather Bureau, contributes a study of the 
fluctuations in the surface level of the Great 
Lakes, especially interesting at the present time 
owing to the near completion of the Chicago 
drainage canal. The contents of the number 
also include ‘ Tides of Chesapeake Bay,’ by E. 
D. Preston; ‘Calculations of Population in 
June, 1900,’ by Henry Farquhar, a paper read 
before Section I. of the American Association for 
the Advancement of Science, Columbus, August 
22d; ‘ Peary’s Work and Prospects,’ by H. L. 
Bridgeman, Secretary of the Peary Arctic Club. 
There are a number of briefer articles, ‘ Peary’s 
Explorations in 1898-1899,’ ‘The Definite Lo- 
cation of Bouvet Island,’ and ‘The California 
and Nevada Boundary.’ 


Bird Lore for October has for its opening 
article an account of the origin and work of 
‘The American Ornithologists’ Union,’ by J. A. 
Allen, accompanied by a plate showing the 
founders of the society, comprising some of the 
men whose names are familiar to every student 
of American ornithology. ‘ American Bitterns’ 
consists of two plates of the young, one and 
two weeks old, from photographs by E. H. 
Tabor and F. W. Chapman. Henry Van Dyke 
contributes a poem ‘The Angler’s Reveille,’ 
Robert W. Hagner an article on ‘The Prairie 
Horned Lark,’ and C. F. Hodge notes ‘A 
Pleasant Acquaintance with a Hummingbird.’ 
H. M. Collins describes ‘A Peculiarity of a 
Caged Skylark,’ and Anna Harris Smith and C. 
F. Hodge describe ‘ The Ethics of Caging Birds.’ 
Isabella McC. Lemmon writes of ‘ Oliver Twist, 
Catbird,’ for young observers, and there are 
numerous notes and book reviews. Under the 
section devoted to Audubon Societies the wear- 
ing of quill feathers of the eagle and pelican is 
justly deprecated, and fac-simile and sketch of 
Audubon’s seal, the wild turkey, is given. 


DISCUSSION AND CORRESPONDENCE. 
THE PROPOSED CARD CENTRALBLATT OF PHYSI- 
OLOGY. 

To THE EDITOR OF SCIENCE: The volume of 
scientific literature is increasing at a rate that 
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is positively appalling. The difficulty encoun- 
tered by a student seeking information in any 
important library to-day lies more in differ- 
entiating what he wants from the mass of ma- 
terial at hand than in integrating the results of 
his search. As a consequence, the sciences of 
classification and indexing are becoming daily 
more important, and have already reached a 
high pitch of development. But existing card 
catalogues (and none but card catalogues de- 
serve to be considered in this connection), even 
when including a well-arranged subject-index, 
still leave an immense amount of labor which 
might be saved to the student if he could but 
get a bird’s-eye view of the contents of the 
books whose titles he finds so admirably ar- 
ranged in the index of the well-equipped modern 
library. 

In making use of the magnificent Public Li- 
brary of Boston I have often felt keenly the 
discouragement that comes from trying to find 
certain definite information—in my case usually 
relating to electrical matters—almost hopelessly 
concealed by the very wealth of the literature 
upon the general subject. 

I wish, therefore, to lift up my voice—or 
typewriter—in the warmest support of the plan 
which was well and clearly set forth by Pro- 
fessor William Townsend Porter, of the Harvard 
Medical School, in the issue of ScrENcE for 
September 15, 1899. It contemplates a series 
of abstracts of books and periodicals devoted 
to physiology. These abstracts are to be printed 
upon standard cards, and will therefore take on 
all the well proved advantages of the card- 
index system—indeed, the abstracts themselves 
wiil constitute a complete card-index, as well 
as a most valuable bibliography, for the subject 
in hand. In many cases, moreover, the card 
abstracts will supply directly the information 
sought, and so will save much time by fore- 
stalling the need of going to the books them- 
selves. 

But it would be supererogatory for me to here 
go into a detailed explanation regarding the 
system itself. What I do wish to emphasize is 
the fact that the plan proposed is co-extensive 
in scope with science itself; and that it is pro- 
posed to make a beginning with the science of 
physiology because the generous interest taken 
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by Professor Porter renders available to the 
plan a wider view of that subject than of any 
other, and gives assurance that the abstracts 
shall be so intelligently edited that the useful- 
ness of the scheme shall have a fair trial. 

The plan is laid down in such wise that it 
can be extended to deal with any other depart- 
ment of scientific knowledge without any change 
in its general features; and, in my earnest de- 
sire to see such a system applied to the litera- 
ature of electrical science, I am most anxious 
to see the Physiological Index established. 
For I am convinced that as soon as a beginning 
is made which shall familiarize students with 
the idea, there will be so general an apprecia- 
tion of the usefulness of the system that its 
rapid extension to other departments of knowl- 
edge will follow asa matter of course. 

Science is classified knowledge, and the pro- 
posed scheme, as an advance in classification, 
is a service to science so important that I hope 
all who are loyal to ScrENCE will manifest 
such an interest in the proposition that the 
trustees of the Boston Public Library will have 
no hesitation in undertaking the publication of 
the Physiological Index. 

PHILIP HENRY WYNNE. 


SCIENCE AND SCHOLASTICISM. 

PROFESSOR BROOKS’ comment, in the current. 
number of SCIENCE, on the remarks made by 
me concerning his review of Ward’s Naturalism - 
and Agnosticism, is most suggestive and stim- 
ulating. It amounts to a very positive decla- 
ration that ‘naturalists’ (and by this I under- 
stand him to imply scientific men in general) 
must expel all ‘abstractions’ from _ their 
methods and results. No one who has made 
an impartial eftort to appreciate the course 
of scientific thought—‘ so-called,’ as Brooks 
would probably say—can fail to assent heartily 
to this proposition ; for, it signifies that the 
mechanical theory cannot be regarded as a 
legitimate inference from the evidence assem- 
bled by the sciences. So far as I am able to 
discover, Ward means no more than this. His 
objections are taken against theories which, 
though masquerading in the name of science, 
cannot be ranked as of its household. To be 
brief, my own complete accord with everything 
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that Brooks holds has startled me, even although 
I cannot altogether appreciate his appeal to 
writers whose thought is still so comparatively 
medieval as Sir Thomas Browne and Berkeley. 
The remarks on determinism, for instance, are 
particularly apposite. If, in my turn, I might 
dare to speak for contemporary philosophers, I 
should say, there is no material for controversy, 
save under that misconception of the situation 
which Brooks so well lays bare. The crux of 
our discussion, it may be noted, seems to center 
in an equivoque as between the precise mean- 
ing attached to the term ‘naturalism’ by 
Brooks and Ward respectively. 


R. M. WENLEY. 
UNIVERSITY OF MICHIGAN. 


NOTES ON INORGANIC CHEMISTRY. - 


Ar the sixth annual meeting of the German 
Electro-chemical Society, held at Gottingen in 
June, a strong address was delivered by Pro- 
fessor Hittorf on the necessity for the erection 
of special laboratories and creation of new 
chairs for inorganic chemistry in the German 
universities. After alluding to the address be- 
fore the last meeting of the Society by Van t’- 
Hoff on the increasing significance of inorganic 
chemistry, he showed the overwhelming pre- 
dominance given to organic chemistry in the 
universities. There are but three German 
universities where there is any adequate teach- 
ing of inorganic chemistry. At all the rest 
the full professors of chemistry are almost ex- 
clusively devoted to the organic field. If Ger- 
many is to keep pace in the practical world 
with England, America and France, a revival 
of inorganic chemistry is necessary, and for 
this men and laboratories are needed. 


Ar the same meeting a new electrical resist- 
ance material for high temperature was de- 
scribed by W. C. Heriius. The platinum alloys 
are not satisfactory owing to their actual low 
resistance, although their relative resistance is 
high. The poorest conductor is the 30% irid- 
ium platinum alloy, and here the resistance for a 
meter of wire 0.3 mm. diameter is only 5 ohms, 
The new resistance material is formed by mix- 
ing clay with 10% to 15% of platinum, mold- 
ing into pencils and heating to about 1250° in a 
reducing atmosphere. There appears to be 
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formed a platinum silicon alloy which serves as 
the conductor. The resistance increases with 
the temperature up to a certain point, and 
then at higher temperature decreases, perhaps 
owing to the formation of more platinum-silicon 
alloy. The pencils can be used up to a red 
heat and promise to have a very considerable 
practical application. 

SoME time since a specimen of malachite was 
described by W. Autenrieth which contained an 
Exhaustive 
search, however, failed to find any further 
similar malachites until recently, when a series 
of malachites and cuprites from New South 
Wales proved almost without exception to con- 
tain iodin. These are described in the Chemi- 
ker-Zeitung. The amount of iodin in the mala- 
chite is 0.15%, and the iodin is given off merely 
on heating the mineral to low redness. The 
amount of iodin in the cuprite is less than one- 
tenth that in the malachite. These minerals 
were wholly free from silver and bromin, and 
chlorin was only occasionally present and then 


in mere traces. 
J. 


CURRENT NOTES ON METEOROLOGY. 
WEATHER PERIODICITIES. 


THE question of periodicities in the weather 
has received the attention of many meteorolo- 
gists and physicists ; publications on this subject 
have been numerous and varied; but as yet no 
sort of general agreement as to, or acceptance 
of, results has been reached. In this country 
Clayton has been studying weather periodic- 
ities for some years, and his conclusions, al- 
though they have not attracted the notice that 
they deserve, have been noteworthy. In a re- 
cent paper entitled Investigations on Periodicity 
in the Weather (Proc. Amer. Acad. Arts and 
Sciences, XXXIV., No, 22), Clayton carries his 
investigations a good step farther in advance. 
Among his results it is shown that there isa 
small range in the frequency of thunderstorms 
in the United States, the plotted curves indi- 
cating a maximum a few days preceding the 
greatest northern declination of the moon. A 
similar result was obtained by Ekholm and 
Arrhenius for the thunderstorms of Sweden. 
Further, when the mean daily departures from 


538 SCIENCE. 


the normal temperatures at Blue Hill Observa- 
tory from October, 1898, to February, 1899, are 
plotted, it appears that the minimum tempera- 
tures of October, December, January and Feb- 
ruary occurred very near the times of new 
moon, the intervals between the minima thus 
approximating the length of a synodiec period 
of the moon. This paper presents also a sum- 
mary of a few of the important results reached 
by European investigators along this same line. 


LAKE LEVELS AND PRECIPITATION, 


UNDER the title Variations in Lake Levels and 
Atmospheric Precipitation, there has been issued 
by the Weather Bureau, a report by A. J. 
Henry, upon the results of a study made by him 
in connection with the work of the Weather 
Bureau on the Great Lakes. The conclusions 
reached are that it seems possible to indicate 
the level of the Lakes approximately by closely 
observing the precipitation in the various water- 
sheds, especially the amount of snow and the 
mauner of its disappearance. All inferences as 
to the probable effect of precipitation on the 
Lake levels must, however, be contingent upon 
the maintenance of a constant cross-section and 
slope in the present connecting channels. 


SALT BUSHES IN CALIFORNIA, 


SoME interesting experiments have been car- 
ried on during the past 18 years at the Cali- 
fornia Agricultural Experiment Station, in con- 
nection with the adaptability of the Australian 
salt bush to the climate and soils of California. 
It appears (Univ’y of Cal., Agr. Exp. Sta Bull. 
No. 125) that the atriplex semibaccata grows on 
strong alkali soil, furnishing a very large amount 
of satisfactory pasturage and fodder, and that 
it also thrives on arid non-alkaline uplands, 
even where wells have to be sunk 200 feet to 
water, and where the annual rainfall has been 
less than five inches. This salt bush cannot 
endure too heavy summer rains, nor the moist 
atmosphere of many warm countries, and seems 
thus singularly well adapted to growing on the 
deserts and alkaline wastes which are some- 
what too common in the southwestern portion 
of the United States. 


R. DEC. WARD. 
HARVARD UNIVERSITY. 
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RECENT ZOOPALEONTOLOGY. 2. 


These notes upon recent papers in zoloogy and 
paleontology will be continued serially. 


Triassic Life in Germany.—Under the title, 
Die Bildung der germanischen Trias, eine petro- 
genetische Studie,* Professor Fraas of Stuttgart, 
contributes an extremely readable and valuable 
paper upon the relation between the geography 
and the fauna during the Triassic period of 
Germany. This is a model of the best modern 
mode of treatment in which the geology, geo- 
graphy, zoology and botany of a newly dis- 
covered region, are all considered together. It 
is well shown, that the Trias was preéminently 
a period in which prominent characters of the 
great orders of reptiles were fixed. The trans- 
ition from fresh water to marine conditions by 
the invasion of the sea, and the corresponding 
transformation of land and coast forms into free 
living marine forms is clearly correlated. The 
changes in the marine and fresh water forms 
are not only traced in a sketch of the evolution 
of the invertebrates, but of the vertebrates as 
well. One suggestion which catches the eye 
has long been in the mind of the reviewer, 
namely, that the so-called Placodontia, an order 
of extremely doubtful relations and affinities, 
known only from the skull, are not at all re- 
lated to the group of Theriodonts with which 
they have been placed, but that they represent 
a branch of the turtles living along the sea 
coasts, and retaining both in the upper and 
lower jaw large teeth for the purpose of crush- 
ing the shells of small mollusks, 

A Triassic Chelonian.—Another very impor- 
tant paper by the same author is upon Pro- 
ganochelys Quenstedtii Baur, a recently discov- 
ered example of this Chelonian from the Keuper, 
or upper triassic rocks of Germany. This is by 
far the oldest known type of the order. The 
first remains were apparently discovered in 
1863, but not clearly defined until 13887, by 
Baur. This specimen which was received in 
the Stuttgart museum in 1897, is far more com- 
plete, and enables Professor Fraas to give a 
description of the dorsal and ventral shields. 
These show that Proganochelys was a true land 
and swamp dweller, related to the modern 

*Separat-Abdruck aus Jahreshefte D. Ver. F. 
Vater]. Naturkunde in Wirttemberg, 1899. 
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Pluerodira. The structure of this animal is es- 
pecially interesting and surprising, ‘‘since we 
should expect in such an old representative of 
the Chelonia, a low stage of development, 
whereas, this type presents directly the op- 
posite. The Pleurodira are generally regarded 
as the most specialized and highly developed 
group of Chelonia, yet this form shows all the 
characteristics of the family in their most com- 
plete development. The uncertainty which 
surrounds the origin and the evolution of the 
tortoises, is not therefore removed by this dis- 
covery, but on the other hand, is increased,’’ 


The Newburgh Mastodon.—The mastodon dis- 
covered about two months ago at Newburgh, N. 
Y., has now been more fully uncovered, but thus 
far proves to be an incomplete skeleton. The 
parts preserved are the skull, much injured’ by 
removal, both upper tusks, the vertebre be- 
ginning at the last cervical and extending to 
near the tip of the tail, 18 ribs on each side out 
of 20, a right scapula and a complete pelvis, 
and portions of the foot bones. No traces of 
the limbs have been found thus far, although 
extensive excavations have been made. Fortu- 
nately, Mr. Schaefer, the owner, has removed 
the bones with care, and treated them skillfully. 
Many very interesting observations could be 
made by a careful study and exploration of this 
locality. During a visit by the present writer, 
the following observations were made, partly 
with the aid of Mr. Schaefer. The deposition 
is in three levels, the two upper being separated 
by a smooth clearly defined surface, and by 
slight differences in the character of the soil, 
which is largely dark and thoroughly decom- 
posed vegetable matter, intermingled with few 
stones and very numerous remains of trees of 
various sizes. Examination of the latter gives 
abundance evidence of the existence of beaver 
in this hollow in the period of the mastodon, 
and we can easily imagine, that the different soil 
levels, were due to the building of successive bea- 
ver dams. When the dams were first comple ed 
the back flow ofthe water caused temporarily an 
interruption of the deposition of vegetation and 
may account for the differences of level above 
alluded to. The locality has been visited by a 
large number of people, including several well- 
known paleontologists. H. F. O. 
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SOUTH AMERICAN LANGUAGES. 


A DILIGENT and careful collecting of quaint 
and idiomatic words as found in the vernacular 
dialects is springing up in many countries of 
America, and there are already a considerable 
number of printed records of this character, 
They are made to include also English, French 
and Spanish words which are evidently of an 
origin other than European. In many of them 
the Indian element is well marked, and even 
in countries where no longer spoken, words of 
Indian origin are remarkably frequent. Vocab- 
ularies and glossaries of this sort were com- 
posed by Pichardo for Cuba, by Membreifio for 
Honduras, and the Journal of American Folklore 
contains many articles contributing knowledge 
for the same purpose. Recently the linguist 
Samuel A. Lafone Quevedo, M.A., has pub- 
lished ‘‘Tesoro de Catamarquefiismos ; nombres 
de lugar y esclabones aislados de la lengua 
Cacana,’’ Buenos Aires, 1898, octavo, pp. 379, 
a work which adds considerably to our insight 
into the ethnography of northwestern Argentinia 
in our century as well as in former periods of 
history. There may be 3,000 names and 
vocables of the Catamarca provincial dialects 
discussed etymologically in Lafone’s volume. 
While some are pure Spanish, others belong to 
one of the Kechhua dialects, as Amar& or 
Kechhua ; others to Guaicunt dialects, whose 
domain is in and about the Gran Chaco. Others 
are supposed to belong to Uro, with main seat 
in the Bolivian plateaux and studied by Dr. 
Max Uhble; and a number are assigned to Cacdn, 
an extinct language which Lafone has long en- 
deavored to reconstruct. It is, however, un- 
certain, whether Lule (with Tonocoté) or 
Allentiae, or Chilean dialects are represented 
in the names and vocables of the collection of 
this industrious investigator. We must con. 
fess, moreover, that a North American finds his 
way only with immense trouble through the 
maze of Andean languages and dialects of 
which not one half has as yet been reduced to 
grammatic rules, 

Another linguistic volume issued in the same 
year is due also to the efforts of Lafone-Quevedo. 
This is the publication of a manuscript grammar 
of the Toba language, spoken in the Gran Chaco, 
along the Paraguay River. It was composed 
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by the Jesuit Father Alonso Barcena about the 
year 1600, and at present belongs to the library 
of General B. Mitre. The Toba is a dialect of 
the Mocobi-Abipon family of languages, the 
people having received the name Toba from an 
artificial enlargement of the forehead. On this 
account they are also called Caras and Frentones. 
The grammar of this rather vocalic idiom is 
followed by Barcena’s Spanish-Toba vocabulary, 
revised in 1888, with the aid of an Indian called 
Lopez; the words are accented, but the or- 
thography is rather old-fashioned. The same 
vocabulary is reproduced again with the Toba 
word first, followed by the Spanish and the 
English signification. The volume forms part 
of the ‘ Linguistic Library of the Museum of La 
Plata,’ which institution is built close to the 
city of Buenos Aires; the museum has placed 
Lafone at the head of its archeological and 
linguistic department. 
ALBERT 8S. GATSCHET. 
BUREAU OF AMERICAN ETHNOLOGY. 


SCIENTIFIC NOTES AND NEWS. 


THe New York Academy of Sciences opened 
its sessions on October 2d. The Academy meets 
in four sections: astronomy and physics, bi- 
ology, geology and mineralogy, and anthro- 
pology and psychclogy, which meet, respec- 
tively, on successive Monday evenings each 
month until the end of May. In addition to 
these regular sessions there are five public lec- 
tures ; a presidential address, this year by Pro- 
fessor Henry F. Osborn, on February 26th; a 
lecture on psychology on October 30th ; one on 
biology on January 29th; one on geology on 
March 30th, and one on astronomy and physics 
on April 30th. Men of science visiting New 
York are invited to attend the meetings which 
are held in the rooms of the American Society 
of Mechanical Engineers, 12 West 31st Street. 


THEmonument erected in memory of Johannes 
Miller, was unveiled at Coblentz on October 7th. 

On October 15th a statue of M. F. Tisserand 
will be unveiled at Nuits-Saint-Georges. 

A sTATUE of John Ericsson, the engineer, 
who designed the Monitor, has been unveiled 
at Gothenburg, Sweden. 

Sir JoHN LuBBOcK, Bart, has been appointed 
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a delegate from the London Chamber of Com- 
merce to the International Commercial Con- 
gress now meeting in Philadelphia. 


WE have already referred to the decision of 
the corporation of the City of Glasgow to ap- 
point a bacteriologist in connection with the 
Health Department of the City, who would 
work in conjunction with the medical officer of 
health and the medical officers of the fever 
hospitals. The British Medical Journal states 
that there has been considerable competition 
for this post, and the appointment has just been 
given to Dr. R. M. Buchanan, a graduate of 
Glasgow University, who was formerly assis- 
tant to the professor of pathology in the Uni- 
versity, and more recently professor of medical 
jurisprudence and public health in Anderson’s 
College. Dr. Buchanan will devote his whole 
time to his new duties, and will have a suitable 
laboratory at his disposal in the Sanitary 
Chambers. 

Dr. ARTHUR WILLEY has been appointed 
lecturer on biology in Guy’s Hospital. 


WE learn from the Educational Times that 
Mr. R. P. Paranjpye, the Indian Senior Wran- 
gler, has been awarded a special scholarship of 
£200 by the Secretary of State, partly as a 
recognition of his remarkable and distinguished 
success, and partly to enable him to take the 
M. A. degree. 

Ir is announced that the date of the opening 
of the New York Zoological Gardens is fixed 
for October 25th. At the present time, there 
have been completed the reptile house, bear 
dens, flying-cage, prairie dogs’ village, aquatic 
rodents’ lake, beaver pool, duck pond, mam- 
mal house, burrowing rodents’ dens, wolf den, 
fox den, and buffalo range. 


Nature states that the application of the 
Jenner Institute of Preventive Medicine for per- 
mission to alter the memorandum of association 
so as to enable the Institute to avail itself of 
Lord Iveagh’s gift of 250,000/. was granted by 
Mr. Justice Cozens Hardy on September 13th. 


THERE will be a Civil Service examination in 
the State of New York, for which applications 
must be filed not later than October 30th, for 
an examiner in the commission, requiring a 
knowledge of steam, electrical and mechanical 
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engineering with a salary of $1,200 to $1,400 
per annum, and for the position of assistant 
horticulturist in the Geneva experiment station 
with a salary of $50 per month. 


A TELEGRAM has been received at the Har- 
vard College Observatory from Professor Kreutz 
at Kiel Observatory, stating that Comet E. 
was observed by Cohn at Konigsberg, Oct. 
1.2767 Greenwich Mean Time, in R. A. 16% .31™ 
0°.7 and December — 4° 39’ 50’’._ Professor J. 
E. Keeler at Lick Observatory telegraphs that 
Comet Giacobini was observed by Perrine, 
Oct. 2.6658 Greenwich Mean Time, in R. A. 
16" 32™ 59.7 and Dec. — 4°12’ 18”. The 
check word shows an error in the telegram 
which will not largely affect the position. 


Welearn from Nature that the Director of the 
Marine Observatory of San Fernando an- 
nounces that the Spanish Minister of Finance 
has given instructions that all instruments in- 
tended for observations of the eclipse of the sun 
on May 27, 1900, are to be admitted free of 
duty. 

PrRoFEssOR W. A. SETCHELL, Dr. W. L. Jep- 
son, Mr. L. E. Hunt and Mr. A. A. Lawson, of 
the University of California have returned to 
Berkeley from a botanical expedition to Una- 
laska. Dr. Jepson studied the flowering plants, 
Professor Setchell and Mr. Lawson the flower- 
less plants, while Mr. Hunt, who is of the Civil 
Engineering Department, determined altitudes 
and took the photographs of plant communities, 
etc. The party remained at Unalaska for eight 
weeks and carried out its work as planned, col- 
lecting thoroughly in the neighborhood of Un- 
alaska Bay, making extensive field notes, and 
securing a fairly full collection of photographs. 
Professor Setchell left Unalaska for about three 
weeks, on a trip toSt. Michael and Cape Nome, 
collecting plants of all kinds and making notes 
as to points of distribution and ecology. Re- 
turning, the party went from Unalaska to 
Sitka along the coast, collecting at Unga, 
Karluk, Kodiak, Orca, Juneau, and Sitka. 
They were thus able to trace many plants of 
the shores along a considerable portion of the 
Alaska coast, note the changes in habit and 
also the difference in altitudinal distribution. 
There is a very considerable amount of mate- 
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rial accumulated and it will not be known until 
it is carefully worked over, how much of it 
is new or just to what extent it will throw 
light on matters of distribution. A very con- 
siderable amount of attention was paid to the 
matter of plant communities in Unalaska, the 
amount of woody vegetation present, and a 
number of such subjects. The lack of trees or 
even of high shrubs was very noticeable at 
Unalaska, and in fact along the entire shore of 
Alaska to the westward, as well as their sudden 
appearance on the eastern shores of Kadiak 
Island along North Strait and from there on to 
the eastward. This seems to be a difficult 
matter to explain, but it certainly seems to be 
due to the existence of conditions unfavorable 
to the germination of the seeds and the growth 
of seedlings, since trees, when planted or pro- 
tected during the early stages of existence, 
thrive on the Island of Unalaska, as severab 
small groves of the White Spruce, whose trees 
were brought from the Island of Kadiak by the 
Russians, have not only grown into full sized 
trees, but also produce cones and seeds. The 
collections of marine alge, taken in connection 
with other collections made in Alaska, Wash- 
ington and California and Mexico during the 
last four or five years will, it is hoped, indicate 
the limits of the various algal floras of the 
Pacific Coast of North America, when they are 
properly determined and tabulated, and will 
afford the basis for some exact inquiry into the 
causes of demarcation. One of the most grati- 
fying features of the trip was the liberal way 
in which the U. 8. Coast and Geodetic Survey, 
The Alaska Commercial Company, The Pacific 
Steam Whaling Company, and the Pacific Coast 
Steamship Company granted facilities for trans- 
portation and collecting. 


Nature states that after four months’ work 
on his yacht, Dr. H. C. Sorby, F.R.S., has re- 
turned to Sheffield with many hundred speci- | 
mens of marine animals, preserved by his new 
methods, so as to show life-like character and 
natural color. 


THE attempt recently made by the U. 8. 
Coast and Geodetic Survey to fix a permanent 
tidal plane for the Chesapeake Bay has proved 
successful. During the last fiscal year about 
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forty stations were occupied, at fifteen of which 
simultaneous tidal observations extending over 
one complete lunation were obtained. Mr. E. 
D. Preston, in the National Geographic Magazine 
for October, summarizes the work done as fol- 
lows: The average tide for the entire bay is 
about one foot, possibly less. For Old Point 
Comfort we have two and one-half feet ; for the 
mouth of the Potomac, one foot ; for Washing- 
ton, three feet; Richmond, three feet; Elk 
River, at the head of the bay, two feet, and 
Annapolis less than one foot. The wind effect, 
however, is sometimes more than the total tide. 
For example, at Baltimore, the wind effect may 
amount to three feet, while the tide proper, un- 
influenced by local disturbances, is only one- 
third as much. The small range at Annapolis is 
due partly to the change in width of the bay, but 
principally to an interference at this point be- 
tween the incoming and outgoing tidal waves. 
When the crest of the southbound movement 
reaches the mouth of the Severn river it meets 
the northbound wave from the capes, and a 
partial neutralization of the vertical motion of 
the water takes place. 


THE International Commercial Congress held 
in connection with the Export Exposition of the 
Philadelphia Museums opened on October 12th. 
Many of the subjects that will be discussed are 
of scientific interest. 


THE Royal Photographie Society is holding 
its 44th annual exhibition in London this week. 
There are about 330 exhibits of an artistic 
character and about 100 of a technical and 
scientific character. None of the latter, how- 
ever, represent any important advance. 


Tue American Public Health Association will 
hold its annual meeting at Minneapolis, begin- 
ning October 31st. 


THE second International Congress on Hyp- 
notism will be held in Paris from August 12th 
to 16th, 1900, under the presidency of Dr. 
Jules Voisin. 


THE Field Columbian Museum, Chicago, has 
arranged a course of eight lectures on science 
and travel to be given on Saturdays at three 
o’ clock, as follows: 

Oct. 7. ‘ The Cliff Dwellers of Colorado, Utah, Ari- 
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zona and New Mexico,’ by Mr. E. H. Cooper, Denver, 
Colo. 

Oct. 14. ‘ Hawaii,’ by Mr. R. J. Bennett, Chicago. 

Oct. 21. ‘A Cruise Among the Antilles—Puerto 
Rico,’ by Dr. C. F. Millspaugh, Curator, Department 
of Botany, Field Columbian Museum. 

Oct. 28. ‘A Cruise among the Antilles—Cuba,’ by 
Dr. C. F. Millspaugh, Curator, Department of Botany, 
Field Columbian Museum. 

Nov. 4. ‘Some Curious Insects,’ by Mr. E. B. 
Chope, Assistant in Department of Zoology, Field 
Columbian Museum. 

Nov. 11. ‘ Fishes and Fishing on the Pacific Coast,’ 
by Dr. S. E. Meek, Assistant Curator, Department of 
Zoology, Field Columbian Museum. 

Nov. 18. ‘The Katcinas of the Hopi Indians,’ by 
Rev. H. R. Voth, Missionary to the Hopi Indians. 

Nov. 25. ‘ The Eskimo,’ by Dr. George A. Dorsey, 
Curator, Department of Anthropology, Field Colum- 
bian Museum. 


AN inspector of timber has been created by 
the Government of the Dominion of Canada. 
With the view of preserving the remaining 
forests upon Dominion lands and Indian re- 
serves from destruction by fires and other 
destructive agencies, and of encouraging the 
reproduction of forest trees ; and also, as settle- 
ment is rapidly progressing in all parts of Man- 
itoba and the Northwest Territory, with the 
object of making an immediate inspection of the 
country, to ascertain what tracts should be set 
apart for timber reserves, before they are en- 
croached upon by settlers, the position of Chief 
Inspector of Timber and Forestry has been 
created. The headquarters of the inspector will 
be at Ottawa and his salary will be $2,500 per 
annum, 


A SALISBURY correspondent writes to the 
London Times that the feeling throughout South 
Wilts is strongly in favor of the Government 
acquiring Stonehenge at a reasonable price 
for the nation. At a recent meeting of the 
Wilton Town Council, it was decidea to pe- 
tition the Government in favor of acquiring 
the ancient monuments, and the council are 
calling upon the county authorities and the 
archeological and antiquarian society to sup- 
port the petition. Several members of the coun- 
cil questioned very much whether Sir Edmund 
Antrobus has the power of selling the ground 
around Stonehenge, which has been open to 
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the public from time immemorial. There are 
several roads and footpaths in close proximity 
to the monument, and the council were unani- 
mous in their opinion that the right of the pub- 
lic to the use of those roads should be main- 
tained. Stonehenge is a source of considerable 
revenue to Salisbury and district, and the pre- 
vailing opinion is that the monument should be 
acquired by the State. 


In ‘Memoires et Compte Rendus des Trav- 
aux de la Société des Ingenieurs Civils de 
France’ an extended account is given by M. 
Chalon of the progress made in that country by 
‘Metal déployé,’ since its introduction from 
the United States in 1898. The first machine 
producing Golding’s new product was installed 
in June, 1898, and six are now unequal to the 
requirements of that country. The process 
and manufacture are very fully described. The 
metal used is a steel containing very little C., 
less than 0.7 per cent Mn., a trace of S. and of 
Si., and 0.1 per cent. O. 


Mr. GirrorD Princuort, Forester of the U. 8. 
Department of Agriculture, in the last number 
of the National Geographic Magazine, gives an 
interesting explanation of the method by which 
longleaf pine seedlings protect themselves 
against forest fires. In addition to bark which 
is not uncommonly as thick as the wood (the 
whole diameter being thus two-thirds bark and 
one third wood), the young trees add a device 
specially adapted for their safety when growing 
amid long grass, with which they are almost 
always associated. ‘‘ During the first four or 
five years the long leaf seedling reaches a 
height of but four or five inches above the 
ground ; but while the stem during these early 
years makes little progress, the long needles 
shoot up and bend over in a green cascade 
which falls to the ground in a circle about the 
seedling. Not only does this barrier of green 
needles itself burn only with difficulty, but it 
shades out the grass around the young stem, 
and so prepares a double fire-resisting shield 
about the vitals of the young tree. Such facts 
explain why the fire which has restricted the 
growth of evergreen oaks in parts of Florida, 
for example, has made a pure forest of pines in 
a region where the reproduction of the oaks is 
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phenomenally rapid wherever the annual fires 
cannot run,’’ 

A PRIZE of 100,000f. has been founded by the 
heirs of the late Mr. Anthony Pollok, of Wash- 
ington, to be awarded during the Universal Ex- 
hibition which is to be held in Paris in 1900, to 
the inventor of the best apparatus for the sav- 
ing of life in case of maritime disaster. The 
prize is open to universal competition This 
sum is now in deposit with the American Se- 
curity and Trust Company of Washington, 
D. C., and will be paid over to the successful 
competitor when a decision shall have been 
rendered by an appointed jury, and formally 
communicated to the Secretary of State of the 
United States ,through the Commissioner-Gen- 
eral of the United States to the International 
Exhibition of 1900. The juror selected on be- 
half of the United States is Lieutenant William 
S. Sims, U. 8. N., Naval Attaché of the Embassy 
of the United States at Paris. In considering 
the award the jury will be governed by the fol- 
lowing conditions: (1) The total amount of the 
prize may be awarded to a single individual on 
condition that the invention is of sufficient 
practical value and importance to justify the 
proposed award; (2) should several persons 
enter inventions of equal value, the jury, as it 
shall consider right and just, may award a por- 
tion of the prize to each; (3) should none of 
the inventions entered be of sufficient value to 
entitle it ‘to the prize, the jury may reject any 
and all of them, but at the same time shall be 
empowered to indemnify competing inventors 
in such amounts as may be deemed advisable. 
The instructions to competitors will be issued in 
due course by the jury, with the sanction and 
approval of the authorities of the French Exhi- 
bition. These will be distributed upon applica- 
tion. Correspondence, however, may be ad- 
dressed to the members of the jury at Paris, or 
to Mr. Charles J. Bell, President of the Amer- 
ican Security and Trust Company, No. 1405 G 
Street, Washington, D. C. 


UNIVERSITY AND EDUCATIONAL NEWS. 

THE will of Dr. Calvin Ellis, formerly Dean 
of the Harvard Medical School, has only re- 
cently been probated, though his death occurred 
some years ago. It leaves about $140,000 to 
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Harvard University. A fund of $50,000 is to 
be used to defray the expenses of descendants 
of the family at Harvard College. If not re- 
quired it is to be spent for the general purposes 
of the College. The balance of the money is to 
be used for the Medical School. Miss Lucy 
Ellis, a sister of Dr. Ellis has now bequeathed 
about $90,000, the money to be added to the 
fund left by Dr. Ellis. 


Provost C. HARRISON, of the University of 
Pennsylvania, announces a gift of $50,000 from 
an anopymous donor, the money to be used for 
the cost of erection of that part of the dormitory 
system already begun. 


By the will of the late John H. Sessions, $25,- 
000 is bequeathed to Wesleyan University, Mid- 
dletown, Conn. 


THE Iowa Wesleyan University has received 
a gift of $10,000 from Ex-Senator James Harlan. 


THE last session of the Michigan Legislature 
raised the tax for the support of the State Uni- 
versity from one-sixth to one-fourth of a mill of 
each dollar of assessed valuation, thus increas- 
ing the annual income by a little over $92,000, 


THE British Medical Journal gives the follow- 
ing statistics in regard to the universities of 
France. These are fifteen in number and to- 
gether have a total of 27,080 students, of whom 
12,059 belong to Paris. The total expenditure 
is 13,859,500 francs, so that the average cost of 
the education of each student is 511 frances. 
To meet this expense the universities have 
revenues amounting collectively to 2,093,700 
francs; legacies, donations, etc., amount to 
1,511,600 franes ; therefore a deficit of 10,524,- 
200 francs, has each year to be made up by the 
State. 


AMONG the candidates for the Chair of Nat- 
ural Philosophy in the University of Glasgow 
are Mr. C. T. R. Wilson, Mr. J. A. M’Clelland 
and Mr. G. F. C. Searle, all demonstrators in 
the Cavendish Laboratory, Cambridge; Mr. 
John Sealy Townsend, Cambridge ; Mr. George 
W. Walker, Cambridge; Professor Andrew 
Gray, University College, North Wales; Pro- 
fessor J. C. Beattie, Cape Town, and Mr. Car- 
gill Gilston Knott, Edinburgh University. 


Since Mr. R. M. Wenley, Ph.D. (Glasgow), 
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Se.D., F.R.S. (Edinburgh), was appointed to 
the headship of the philosophical department 
in the University of Michigan, the teaching 
staff has been doubled and now numbers six, 
Among recent appointments are Mr. Alfred H. 
Lloyd, Ph.D. (Harvard), to be junior professor 
of philosophy; Mr. W. B. Pillsbury, Ph.D. 
(Cornell), to be director of the Laboratory of 
Experimental Psychology ; Mr. Carl V. Tower, 
Ph.D. (Cornell), to be instructor in philosophy, 
and Mr. J. W. Slaughter, A.B. (Lombard), to 
be assistant in psychology and philosophy. 


Dr. ALonzo E. TAYLOR, assistant director of 
the Pepper Laboratory of the University of 
Pennsylvania, has been elected professor of 
pathology in the medical department of the 
University of California. 


Dr. HENRY S. Monrog, dean of the faculty 
of applied sciences of Columbia University, has 
resigned on account of ill health. He is suc- 
ceeded by Professor F. H. Hutton. 


L. F. WALTER and H. Fisher have been ap- 
pointed assistants in chemistry in Columbia 
University. 

PROFESSOR RICHARD MorRRIs, superintendent 
of public schools in Dunellen, N. J., has been 
appointed professor of mathematics at Rutger’s 
College. 


Ezra F. SCATTERGOOD, instructor in elec- 
tricity and physics in Rutger’s College, has been 
appointed professor of physics in the Atlanta 
School of Technology. 


VACANCIES in the chemical and electrical de- 
partments of the University of Vermont have 
been filled by the appointment of C. E. Jacobs, 
of the Massachusetts Institute of Technology, 
and W. H. Freedman, of Columbia University. 


Mr. A. G. ASHCROFT has been appointed as- 
sistant professor of engineering at the Central 
College of the City and Guilds of London In- 
stitute. 

THE Rev. J. F. Cross, B.A. Cambridge, M.A., 
Toronto, has been made professor of mathe- 
matics at St. John’s University, Winnipeg. 

Dr. K. EcKHARDT, professor of physiology 


at Giessen, has celebrated the fiftieth anniver- 
sary of his activity as a university teacher. 
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